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(iii) 
AIM, SCOPE AND METHODOLOGY 
01. AIM AND SCOPE: 
Chromatography is the name given to the technique 
for the seperation of a mixture of sollutes brought about 
by the dynamic partition or distribution of dissolved or 
dispersed materials between two immiscible phases, one od 
which is moving past the other. 
Thus chromatography is epitomized as a seperation 
process applicable to essentially molecular mixtures. 
For the past several years efforts have been made 
to develop different chromatographic methods of 
seperation and identification of organic and inorganic 
compounds from mixtures. Certain of chromatographic is 
useful for medicinal purposes, clinical diagnosis, testing 
of materials etc. There is need to intensify this effort, 
particularly at this juncture, when all out effort is 
being made to attain self-sufficiently. However, like 
all emerging research areas, paper published in these 
areas are scattered and retrieval is difficult. Here an 
attempt is made to collect some important published 
papers and compile bibliography which will be very useful 
for the researcher of our country. 
It was given the task of preparing an annotated 
bibliography of 266 articles on "Advances in Chromato-
graphy" as it was thought that it might be of great use 
to research scholars in this field. 
(iv) 
Part one deals with introduction of the topic i.e. 
its historical background and development, types, and 
their applications. Part two which is the main part of 
the present study consists of an annotated bibliography of 
266 articles on the topic. Part three however deals with 
indices. 
0,2 METHODOLOGY: 
The material was collected from different journals 
from the seminar library of Departments of Chemistry, 
Botany, Zoology, Z.H. College of Engg. and Tech. and 
Maulana Azad Library, A.M.U., Aligarh. 
021. STANDARD FOLLOWED: 
The Indian standard recommendations for bibliogra-
phical references (15:2381-1963), Indian standard 
recommended for abbreviation for titles of periodicals 
(15:18-1949) and classified catalogue code (CCC) of Dr. 
S.R. Ranganathan have been followed. In certain cases 
where the said standards became unuseful. I have 
preferred my own judgement. 
022. SUBJECT HEADING: 
Attempts has been made to give co-existensive 
subject headings as much possible. An efforts has been 
made to allow postulates and principles given by SR 
Ranganathan in the formation of subject. And allowed by 
natural language if more than one entry comes under the 
same subject headings, there are arranged alphabetically 
by the authors name. 
(v) 
023. ARRANGEMENT: 
The entries in this bibliography are arranged 
strictly alphabetically among the subject heading. 
The ENTRY ELEMENT of the author(s) is in capitals, 
followed by the seunary element in parenthesis using 
capital and small letters and then the title of the 
article, subtitle (if any), then name of the periodical 
in abbreviated form (if needed) being underlined followed 
by the volume number, issue number, the year, giving by 
using inclusive notation of the pages of the articles, 
Then each entry is followed by an indicative abstract of 
the article. 
The items of the bibliographical reference for each 
entry of a periodical article are arranged as follows: 
(a) Serial number 
(b) Name of the author/authors 
(c) A full stop ( . ) 
(d) Title of article including subtitle and alternative 
title if any. 
(e) A full stop (.) 
(f) Title of the periodical being underlined. 
(g) A full stop (.) 
(h) Volume number 
(i) A comma (,) 
(j) Issue number 
(k) Semi colon (;) 
(1) Year 
(m) A comma ( , ) 
(n) Month 
(o) Semi colon (;) 
(p) Inclusive pages of the articles. 
(q) A full stop (.) 
(vi) 
023. SAMPLE ENTRY: 
64- KILGORE (Wendell W) and WHITE (Earl R). Determi-
nation of difolation residues in fruits by electron 
gas chromatography. J Agr Food Chem. 15, 6; 1967, 
Nov - Dec ; 1118-20. 
02311. EXPLANATION: 
This article is taken from the periodical "Journal 
of Agriculture and Food Security" which is entitled as 
"Determination of difolatian residues in fruits by electron 
gas chromatography", written by "Wendell W. Kilgore and 
Earl R. White", in 6th number of 15th volume of the 
November - December, 1967 year, on the pages from 1118 to 
1120, against this entry. 
024. ABSTRACT: 
The entries in the bibliography contain abstracts 
giving the essential information about the articles 
documented, I have given indicative abstracts as well as 
informative abstracts. After searching the literature, 
entries were recorded on 7" x 5" cards. 
025. INDICES: 
The part three of the bibliography contain Author, 
and title indexes in alphabetical sequence. Each index 
guides to the specific entry or entries in the 
bibliography. 
(vii) 
A list of journals has been given with abbreviated 
form along with their place of publication and frequency. 
Another list consisting of the signs and symbols with 
their full form and meaning is also provided. 
* PART ONE * 
• I N T R O D U C T I O N * 
I N T R O D U C T I O N 
There are several physical and chemical methods 
to seperate, purify and identify the components of a 
simple mixture. But the complex mixtures, such as the 
mixture of amino acids obtained by the hydrolysis of 
protein (e.g., wool, egg albumin or the casein of the 
milk) which resemble one another very closely in physical 
and chemical properties cannot be easily seperated by 
usual methods. The can, however be seperated fairly 
rapidly by chromatography. Chromatography is the name 
given to the technique for the seperation of a mixture of 
solutes brought about by the dynamic partition or 
distribution of dissolved or dispered materials between 
two immiscible phases, one of which is moving past the 
other. 
Therefore, a seperation method whereby individual 
chemical compounds which were originally present in 
amixture are resolved from each other by the selective 
process of distribution between two heterogeneous 
(immiscible) phases. The distribution of chemical species 
to be seperated occurs in a dynamic process between the 
mobile phase and the stationary phase. The stationary 
phase is a dispered nedium, which usually has a relatively 
large surface area, through which the mobile phase is 
allowed to flow. The chemical nature of stationary phase 
exercises the primary control over the seperation process. 
The greater the affinity of a particular chemical comp-
ount (referred to as the solute) for the stationary 
medium, the longer it will be retained in the system. The 
mobile phase can be either gas or liquid; correspond-
ingly, the methods are referred to as gas chromatography 
and liquid chromatography. 
HISTORICAL BACKGROUND AND DEVELOPMENT: 
The earliest work in the field of chromatography 
dates back to 1855 when Friedrich Runges obtained a 
coloured chromatogram by impregnating a filter paper with 
inorganic salts, such as ferric sulphate, drying and 
adding drops of potassium ferrocyanide solution. Few 
year later Schoenbein (1805) investigated the behaviour of 
inorganic salt solution on a strip of filter paper. He 
observed that when a strip of filter paper was dipped 
into an aqueous solution of inorganic salt water raised up 
the filter paper carrying the salt with it. He showed 
that the water moved ahead of the salt and the rate of 
movement of salts differed from one another. Later, 
organic compounds were also investigated in this manner. 
Goppelsroeder called the method capillary analysis. 
The Russian biologist Dr. Michall Tswett, a 
lecturer in botany at the University of Warsaw, was 
probably the first person to call the attention to the 
possibilities of seperating complex mixtures by the 
process of adsorption. He coined the term chromatography, 
from the Greek words meaning 'color' and 'to write'. He 
described in details the seperation of pigments and 
colourless substances by filteration through columns 
followed by development with pure solvents. In 1906 he 
published a series of papers in which he described the 
method of seperating colouring materials such as the 
extract of the leaves - the chorophyll. When a solution 
of green plant pigment was applied to the top of the 
column, packed with finely powdered calcium carbonate and 
then marked down with finely powdered. He noticed a 
series of horizontal coloured bands on the columns. He 
called then this seperation a chromatogram and 
corresponding method chromatography and pointed out that 
this method had no connection with and was entirely 
different from the capillary nethod of Goppelsroeder. 
The first paper of Tswett, published in 1903, 
contains a study of more than 100 adsorbents used in 
conjunction with several different solvents and a 
comparison of the efficiency of column and batch 
adsorption. The chromatography of leaf exctract on a 
column of insulin is described as follows: 
"The adsorption phenomena observed during 
filteration through the powder are particularly 
interesting. The liquid emerging from the lower end of the 
funnel is at first colourless, then yellow (carotene), 
while at the top of the column of insulin a green ring is 
formed below which more soon appears a yellow bond. When 
pure ligrous is filtered through the column, both bonds 
start spreading and more down the column". 
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"A few cm of solution (from egg folk) were 
filtered through a column of insulin. The filterate was 
at first colourless, then yellow, and contained much fatty 
material. Filteration of ligroin through the column was 
contained until no transparent spot was obtained when a 
drop of the filterate was allowed to evaporate on tissue 
paper. A mixture of ligroin and alcohol was then passed 
through the column. The filterate, which was pale yellow, 
afforded on evaporation a wax like solid having the 
characteristics properties of the lecithin complex". 
Futher description of chromatographic techniques 
are contained in a paper published by Tswett in 1906 and 
in his book "The chromophyles in plants and aninal 
world." (1910). 
Tswett died prematurely in 1920 and his method was 
used only very rarely during the following years. 
It was only in 1931, when Kuhn and Lederer 
seperated the carotenes and Xanthophylls on a preparative 
scale on columns of alumina and calcium carbonate, that 
the possibilities of Trenett's method were fully realised. 
Rapid development of the new field by workers such as -
Brickmann, Karver, Winterstein, Zechmister, etc. soon 
enabled the organic chemist to apply this technique to the 
seperation and isolation of a wide variety of compounds. 
In 1938, Riechstein introduced the liquid or 
flowing chromatograms, thus extending the applicability of 
the method to colourless substances. 
During the year 1940-43, Tiselius worked out the 
techniques of frontal analysis and displacement 
development. 
Partition chromatography on silica gel, introduced 
by Martin and Synge in 1941, further extended the scope 
of chromatography to a great range of biologically 
important substances. Paper chromatography was first 
described by Consden, Gordon and Martin in 1944 and has 
become a cajor tool for biochemical analysis and research. 
The development of gas-liquid chromatography by 
James and Martin in 1952, has open a new field in 
analytical chemistry and promises to have a wide 
application, both in research and in industry. Martin and 
James were awarded Nobel prize for his discovery. 
Prominent contribution to the theory of 
chromatography were made since 1940 by Wilson, Devault, 
Martin and Synge, Glueckauf and Wiera. 
In 1947 a series of articles released by the 
-A^ nerican Atomic energy commission, notably by Boyd, 
Spedding and Tompkins described the use of ion exchange 
chromatography for the seperation of fusion products and 
rare earth mixtures. The use of paper chromatography in 
inorganic chemistry was introduced in 1848 by M.Lederer 
and Linstead and collaborators. 
Another important technique, thin-layer 
chromatography (TLC) was introduced in the late 19th 
century, when Ismailov and Schraiber utilized thin (2mm) 
layers of alumina on glass plates for chromatographic 
seperation. The method did not obtain universal support 
until Egon Strahe in 1956 standardised the procedure and 
developed the equipment for rejnoducible thin-layer 
chromatography and showed its wide applications. 
Chromatoigraphy has thus became an important 
technique in organic chemistry as well. 
DEFINITION AND MEANING OF CHROMATOGRAPHY: 
There have been many definitions of chromatography. 
Chromatography is primarily a seperation process which is 
used for the seperation of essentially molecular mixtures. 
Thus it is incorrect in this view to think of chromato-
graphy as a "shifting" of "filteration" process, since 
these terms apply strictly to macroscopic - or microscopic 
but not to molecular-size particles. 
Further chromatography depends on the redistribution of 
the molecule of the mixture between two or more phases, in 
this respect bearing a relation to distillation, liquid-
liquid extraction- and such seperation processes. But 
this excludes such molecular seperation process as mass 
spectrometry or ultracentifugation. More spcifically the 
distribution that is chromatographic involves pne phase 
that is essentially two-dimensional, that is, a thin 
phase. Here still, there is some lack of exclusiveness, 
but in general the kind of distribution, as ordinary 
liquid-liquid or adsorption distributions, and 
vapor-liquid distribution (distillations). Finally, 
simple batchwise adsorption is excluded by the 
requirement that for the distribution to be a chromato-
graphic are, the phase must be contacted at least 
countercurrently, and most specifically in a differential 
counter current manner. Thus - "Chromatography is 
epitomized as a seperation process applicable to 
essentially molecular mixtures which relies on 
distribution of the mixture between an essentially two-
dinensional, or thin, phase and one or more bulk phases 
which are brought into contact in a differential counter-
current manner." But scientific definitions being what 
they are it would be profitable to adhere undeviatingly to 
the above definition. For one might be heard put to it 
to state to the satisfaction of everyone how thick a 
surface has to become before it will be recognized as 
bulk phase. Thus in some aspects' partition 
chromatography' shades off into a liquid-liquid 
distribution of the ordinary packed column type; and 
gas-liquid partition chromatography into packed column 
carrier distillation. In other aspects, as when a zone on 
an adsorbent accumulates into multilayers of oriented 
molecules it approaches crystallization phenomena,and so 
on. 
NATURE OF CHROMATOGRAPHY: 
1. Adsorption : 
The definition of chromatography given in preceed-
ing pages embraces all kinds of chromatography. In an 
example of the seperation of two dye stuffs, Sudan red and 
Judan yellow, an alumina. The alumina adsorbent is 
sufficiently active to adsorb both dyestuffs, and it 
holds the sudan red more firmly than the sudan yellow. 
In this example, as in most kind of chromatography, 
distribution of substance to be seperated occurs between a 
bulk phase which passes over the dispersed "two-
dimensional" phase. The bulk phase, men, is the mobile 
phase, where as the thin phase at the surface to the 
particles of the bed in the stationary phase. In effort, 
one phase moves against the other in a differential 
counter current manner. 
The process in terms of operations and 
observations in term of inferred mechanism, using as the 
key phenomena the facts that one phase moves over the 
other and that the solutes (the dyestuffs) distribute 
themselves between both phases. This distribution occurs 
because the dyestuff molecules interact with the 
molecules of the solvent as well as with the surface 
molecules of the adsorbent. The nature of interactions 
that way operate inchromatography. 
When a solution of adsorbable substances 
(adsorptives) is brought into contact with a quantity of 
an adsorbent, molecules of adsorptive pass out of the 
solution into the interfacial region, where they are 
retained for a longer or shorter period of time depending 
on the strength of the adsorption. As the concentration 
of the adsorption builds up in the interface the solution 
is depleted of adsorptive. But a reverse process, the 
escape of adsorptive from the interface into solution 
(desorptive) also is occuring and eventually an 
equilibrium state may be reached when both reactions 
balance each other. The resulting equilibrium 
distribution system may be represented thus: 
rate of desorption = rate of adsorption 
This statement can be applied to the chromatography by 
restating the situation thus: 
- Passage of substance into mobile phase oppose passage of 
substance into stationary phase. 
Returning to the previous example, in this 
adsorbent A may be considered a support for the 
stationary phase, which will be the interfacial film 
formed by the adsorbed solvent, as well as by the 
dyestuff. All adsorptives will complete for the surface 
during the chromatography. When the mixture is first 
applied to the column, the first male increment of 
solution comes into contact with empty adsorbent. Solvent 
and solutes are adsorbed, as would be expected from the 
distribution relationship when were is no possibility for 
the reverse reaction to occur (because the bed is empty). 
The solvent is, however, poorly adsorbed compared with 
the solutes. This means that the dyestuff s are 
preferentially adsorbed, and so displace solvent from 
the interface. Since it is a small factor, the 
adsorption of solvent will be ignored. 
In this first increment, or thin-layer, of mobile 
phase were to remain in contact with the same thin layer 
of stationary phase, equilibrium would eventually 
established. (This would be a batchwise type of 
distribution process). But the second key factor in 
chromatography, the movement of the mobile phase, 
prevents this, for this thin initial layer moves on down 
the empty beds, continually losing adsorptive, wetting 
it. (Often times one can feel the heat of wetting at the 
front of the solvent). 
The next increment, or thin-layer, of solution 
passes at first over an interface that already contains 
some adsorptive which it received from the first thin 
layer. But if the stationary phase is not saturated 
with respect to solutes, then more will be adsorbed, 
according to the relations: 
Substances in mobile phase ^ substances in 
stationary phase 
(phase is not 
saturated) 
(The arrows imply a dynamic situation: The rate of 
adsorption being greater than that of desprtion). This 
process will deplete this increment of solution. It will 
flow onward, eventually losing all its solutes as the 
first increment did. 
As each increment of solution flows over the first 
thin-layer of adsorbent the amount of solutes adsorbed 
increased until, if the volume of the mixed solution 
is sufficiently, and/or the rate of adsorption is rapid 
enough, the phase comes into a steady - state distribution 
relation with the components of the mobile phase: 
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Substances in mobile phase ^i ::^  substances in sta-
"^ K2 
tionary phase 
and Kl and signals K2, where these are the rates of the 
two halves of the dsitribution reaction at equilibrium. 
Thus by thus process of accumulation of adsorbed material 
the initial mixed zone is built up. It is not a necessary 
condition for this stage in the chromatography that the 
steady state just described be reached with in the zone. 
It is not necessary that the substances (5) in the mobile 
phase pass into the stationary phase, and that the mobile 
phase moreover, along or through, thestationary phase. 
These are the conditions for zone formation. 
When all the mixture has passed into the bed, or 
column, of adsorbent the mixed zone contains both 
adsorptives in the adsorbent, and also in solution in the 
interstices between the particles of adsorbent. 
Moreover, since Sudan red is more strongly adsorbed than 
the yellow, it will have displaced same yellow near the 
top of the mixed zone, whereas the lower edge of this 
mixture zone will be enriched in sudan yellow. 
Developer is now applied to the column, therefore, 
dissolves the aromatic dyestuffs better man the initial 
solvent and competes more frequently for them with the 
adsorbent surface. 
As the "empty" developer comes into contact with 
the top of the mixed zone, adsorptives are desorbed, 
since more is at first no reverse component in the 
dsitribution: 
Substances in mobile phase substances in stationary 
"^  phase 
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The moving developer, as it passes over the zone, 
continues to pick up adsorptives (possibly until a steady 
state is reached), but it picks up relatively more of the 
less strongly held sudan yellow than the red, which also 
continually displaces yellow on the adsorbent to the 
extent that it can, when the developer, loaded with 
adsorptive in its passages over the zone, reaches the 
lower or leading edge of the zone, it even loses its 
burden of adsorptive to the empty adsorbent as was 
described for the formation of the mixed zone. Thus, the 
developer liquid, as Tswett put it, starts with zero 
concentration of solute, picks up substance in its passage 
through the zone until a maximum concentration is 
reached, then returns to zero concentration after 
depositing the substance at the lower edge of the zone. 
This behaviour causes the zone to migrate in the 
direction of flow of the liquid. It demonstrates very 
beautifully the operation of Le Chatelier's principle. 
The rate atwhich the zone migrates is mediated by the 
rate of flow of the liquid as well as by the strength of 
adsorption of the substance involved. The more striongly 
adsorbed substance moves less rapidly than the one less 
strongly held, other conditions being equal, since is 
less completely desorbed by the developer in its passage 
through the zone. This indeed is the basis of the 
sorting or seperation process. For if the substances in 
the mixture are adsorbed with the different degrees of 
tenacity, then their zones will move at different rates 
under the influence of the flowing developerliquid, and 
hence if other conditions are favourable the zone draw 
away from each other and become completely regregated. 
At this stage the chromatogram is said to have developed 
or to have become developed. 
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On the good chromatogram: the zones are compact, 
they are quite sharply defined, they are well seperated, 
and the process does not require an excessive amount of 
time or materials. The resulting chromatogram can be 
described by reporting the depth of the zones and their 
positions relative to the top of the column, for the 
particular system used. A more fundamental method of 
description is given interms of the R value of each zone. 
This is the ratio of velocity of movement of the front 
edge of the zone to the movement of the developer liquid 
meniscus in the empty part of the tube above the column of 
adsorbent: 
R = Velocity of movement of the front edge of the zone (mm./min.) 
Velocity of movement of developer in tube above the column of 
adsorbent (mm/min.) 
R is a measure of retardation of the zone. The smaller 
R values means that the molecules of that substance 
distribute into the stationary phase to a selectively 
greater extent than do the molecules of the substance of 
the zone of which has a higherR value. This is because it 
is only when the molecules are in the mobile phase that 
they move down the column, thus giving the zone its R 
value. 
2. Paper Partition: 
Another example will be given, to illustrate these 
same principles applied to paper chromatography. The 
seperation of amino acids. In thhis example the paper 
containing the mixed zone is allowed to hang in the 
chamber for a while so that it may sorb the reagents and 
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become in this process conditioned to them. The developer 
moves by capillary into the paper and, aided by gravity, 
passes down over the mixed zone. The resulting 
development proceed in principle as with the column. 
Thus this example differs from the first not only in 
apparatus, but also in that it involves essentially a 
liquid-liquid distribution while the first selied on a 
liquid-solid inter-face distribution. The principle of 
the seperation is the same in both cases. The conditions 
for the zone movement and differentiation are in principls 
the same. 
The amino acids of this example are colourless and 
so in order to reveal the position of their z ones, a 
colour reaction with ninhydrin is used. After the frontof 
the developer has moved almost to the lower edge of the 
paper, the chamber is opened, the paper removed, and the 
position of this front marked immediately. The paper is 
then allowed to dry. It is sprayed with a solution of 
ninhydrin (0.17o in n-butyl alcohol) and heated for a short 
time to accelerate the reaction with the amino acids.? 
The amino acid zones appear as purple or red-
purple spots. The chromatograms is described (and the 
zones are characterised) in the terms of an Rf value 
which is the analog of R value on the column. The R^-
measures the velocity of movement of the zone relative to 
that of the developer front. (It would be difficult to 
measure an R value with paper). The actual measurement is 
made at the end of the described process by measuring the 
distances from the starting lines- the centre of the 
initial mixed zone - to the developer front and to the 
centre of density of each zone. 
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^ distance from starting line to centre of zone 
f distance from starting line to solvent front 
From this it is apparent that the substances that 
are more retarded will show smaller R^ values than more 
that more faster. Analogously to the first example, for 
the principle is the same, substances with smaller R^ 
values are those that distribute to a relativity greater 
extent into the stationary phase. It is only when 
molecules are in the mobile phase that they move 
effectively down the paper. 
TYPES OF CHROMATOGRAPHIC TECHNIQUES AND 
THEIR APPLICATIONS: 
There are two basic chromatographic techniques, one 
adsorption, the other liquid-liquid apply in essentials 
to all the various kinds of chromatography. 
The difference between various kinds of chromato-
graphy lie at two main levels: differences in the kind 
of distribution systems used, particularly in terms of the 
phases employed, and differences in the ways the phases 
are contracted or manipulated. 
There are four major kinds of chromatography: 
classical, chromatography; fluid partiion chromatography; 
ion exchange; and foam and emulsion chromatography. The 
position of electron exchange is not yet clear. Some of 
these may be subdivided. They are each treated later in 
seperate chapters, and are only briefly described here in 
terms of the phases employed. 
Each of these kinds of chromatographic system 
comprises a group of methods which differ each other in 
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the ways that the phases are contacted, or manipulated. 
These methods have been given felicitous names by 
Tiselius, who invented one of them. They are frontal 
analysis, development analysis, and displacement analysis. 
These are. not mutually exclusive methods, and further, 
they may be subdivided into distinguishable processes 
which bear their own special names. 
Classical or adsorption chromatography relies on 
the distribution of the components of the mixture to be 
seperated between a bulk fluid and an essentially 
monmobile interface; that is, upon an adsorptive 
distribution between a fluid mixture andthe surface of a 
solid adsorbent. 
An adsorption process is involved in exchange 
chromatography also, but here the adsorptive is ionic, and 
adsorption takes place, as a competitive process, at fixed 
charge sites on the "surface" of the exchanger. In 
commercial ion exchangers the number of available sites 
foir exchange is relatively large, and the exchager may 
be looked upon as a solid polyelectrolyte, which interacts 
then,upon its "surface," with ions in the contiguous 
phase. Thus the distribution is a "surface" versus bulk 
liquid distribution. The difference in behaviour between 
ion exchange adsorbents and other adsiorbents is not 
necessarily a sharp one. The distinction is made chiefly 
on the basis of the mechanisms of the predominating 
reactions. Further, ion exchange resins may react as 
ssorbents for nonionized, and some other, substances, 
In partiion chromatography there are in the main 
three systems: gas partition, liquid partition employing 
fixed beds, and paper chromatography sorbed "liquid" 
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phase, and a mobile fluid in intimate contact with it. 
In gas partition chromatography a mobile gaseous phase 
passes over an essentially stationary liquid phase 
sorbed to a support which may take part also in the 
distribution process, but which preferably does not. 
Liquid partition chromatography utulizes the stationary 
phase sorbed to a support with a liquid mobile phase in 
contact with it. In paper chromatography the support is 
paper, or treated paper or strips or sheets of other 
materials such as glass fibers. 
Foam and emulsion chromatography, or "fractiona-
tion," utilizes a distribution between a solution and a 
"mobile" interface. Bubbles of gas or droplets of liquid 
are introduced into the solution and rise or fall through 
it, thus providing the interface. It is "mobile" because 
it is formed between two fluids. This distinguishes the 
interface from that which is formed in the region of 
contact of a fluid with a solid, which is called an 
"immobile" interface. 
There are systems in use in which chromatography is 
combined with some other seperation method. 
ADSORPTION CHROMATOGRAPHY 
Tswett used finely powdered adsorbent for the 
chromatographic separation of pigments into different 
zones which coulkd be visually seen in the columns. The 
different portions were seperated "into the fragments and 
were eluted individually, but subsequently liquid or 
flowing chromatogram were developed. 
17 
Basic Principles of Adsorption Chromatography: 
The absorption chromatography is based on the 
retention of solute by surface adsorption. This technique 
is useful in the separation of nonpolar substances and 
2cnstitutents of low volatility. Usually no ionic organic 
compound are thus separated. In liquid-solid chromato-
graphy a solid substrate serves as the stationary phase. 
The separation depends on the equilibrium established at 
the interface between the grains of the stationary phase 
and mobile liquid phase and on the relative solubility of 
the solute in the mobile phase. Competition between 
solute and solvent molecules for adsorption sites 
establishes a dynamic process in which solute and solvent 
molecules are continuously coming in contact with the 
surface residing there momentarily and then leaving to 
reenter the mobile phase. While desorbed the solutes are 
forces to migrate by the forward flow of the mobile phase 
only those molecules with the greater affinity for the 
adsorbent will be selectivity retarded. The intra-
molecular forces arise because by its nature surface 
introduces a discontinuity into the system. There is a 
surface energy effect at any interface. Relatively weak 
London forces exist between all surfaces and any adsorbed 
molecule or between nonpolar surfaces and polar adsorbed 
molecules, they induce dipoles in large nonpolar 
molecules and increase the existing dipole moments of 
polar compounds. Between strong electron donors and 
acceptors there exist transfer forces which culminate in 
special case of hydrogen bonding. Strong forces arise 
between covalent and ionic bonded atoms. The adsorption 
is physical phenomena. 
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In adsorption chromatography the partition 
coefficient (K ) is equal to the concentration of solute 
in the adsorbed phase by its concentration in the solution 
phase. Adsorption isotherm gives the knowledge of the 
amount of solute adsorbed per unit weight of adsorbent 
(x/w) from a solution of concentration c at equilibrium 
thus = {^ ) . The adsorption isotherm curve are bell 
c 
shaped and never linear. Secondly, adsorption linear 
capacity is defined as maximum column loading possible 
without loss in linearily. It is high for adsorbents of 
high surface area and solids of uniform size. High 
temperature and strong cluants favour linearity of 
isotherm. One factor in the separability of a pair of 
compound is their difference in the retention volume. 
Amajor theoretical problem is the dependence of solute 
retention volume on solute molecular structure and 
experimental conditions. The minimum plate height occurs 
at low velocity of adsorption chromatography as natural 
consequence of small diffusion coefficient in liquid 
phase. The degree of adsorption is expressed as the 
specific retention volume, the volume of liquid passing 
through the column per gram of adsorbent. 
Application of Adsorption Chromatography: 
Adsorption chromatography finds extensive 
application in the separation of organic compounds. In 
comparison with ion exchange, this technique has so far 
not developed for the separation of metals or inorganic 
compounds. One must make use of judicious selection of 
solvent, adsorbent concentration and temperature, e.g. in 
separation of derivatives of alcohol aldehydes, ketones 
and acids all these factors must be controlled. 
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Affinity Chromatography: 
This is also called as biospecific adsorption or 
bioaffinity chromatography. The formation of specific 
dissociable complexes of biological macromolecules serve 
as basis for their isolation and purification by this 
technique. The name biospecific adsorption was 
preferred because series of adsorbents like synthetic 
inhibitors bound by hydrophobic hydrocarbon chains sorb 
macromolecules. The basic principle consists of 
exploitation of property of biologically active 
substances to form stable, specific and reversible 
complexes. If one of the components is immobilised, a 
specific sorbent is formed for the second component of 
the complex. Thus affinity chromatography is based on 
exceptional ability of biologically active substances to 
bind specifically and reversibly other substances termed 
as ligands or affirnity ligands. If insoluble affiant is 
made by covalent coupling to solid support and solution 
of biologically active products is passed through a column 
containing this affinant, components having no affinity 
to support would pass through the column as unretarded 
while products showing affinity for the insoluble 
affinity ligand are sorbed on the column. However they 
can be subsequently released from the complex with 
attached affinant, i.e. a solution of soluble affinant or 
by changing the solvent composition such dissociation is 
possible by altering pH, temperature, and ionic 
concentration. 
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Application of Affinity Chromatography: 
The isolation of x-analysis was carried out on 
insoluble starch substance by affinity chromatography. 
The isolation of antibodies on cellulose column bound 
with covalently attached antigen was also carried out. 
The enzymes like tyrosinase were also isolated. 
Nonspecific adsorption was noted with hydrophobic or 
innogenic groups if used. Apart from isolation of 
biologically active substances, it was used for quanti-
tative determination of anti-bodies by means of solid 
carriers with bonded antigens. Affinity chromatography is 
ideal for study of interactions in biological process. 
This was also used for the study of mechanism of enzymatic 
process and elucidation of molecular structure. The use 
of affinity chromatography for the determination of the 
inhibitors constant of enzymes has great future. The 
affinity chromatography opens a new avenue for the study 
of the interactions of biologically active substances but 
also in the future for the elucidation of the effect of 
microenvironment on the formation of these complexes. The 
applications of affinity chromatography are becoming 
varied as these methods make use of specific interactions 
of biologically active substances. It is used for low 
molecular weight enantiomeric pairs. It is also used to 
study the possibility of substituting natural peptide 
chains of enzymes withmodified synthetic peptides. The 
problems of mechanism of enzymatic activity can be studied 
by this technique. It is also used for the elimination of 
undesirable substances from blood of living organism. 
Thus there are innumerable applications in biosciences and 
biotechnology. 
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Column Chromatography: 
Chromatography separations of substances, using 
column is perhaps the most simple technique and can be 
easily performed with even a small glass tube or burette 
packed with solid adsorbent. In the middle of the 19th 
century commercial establishments were confronted with the 
seperation of petroleum products. It was in 1897 that 
D.T. Davy came up with the idea of using column for the 
study of the difference in chemical compositions of 
different natural petroleum products. But it was Russian 
Botanist Tswett who recognized the possibilities of such 
a methods in the early 20th century and successfully 
seperated gree plant & pigments. For about half a century 
it remained almost a laboratory curiority until Martin 
and Synge introduced partition column chromatography. 
Column chromatography may be defined as a 
separation process involving the unifor::i percolation of a 
liquid solute through a column packed with finely divided 
material. The separation in the column is affected 
either by direct interaction between the solute 
components and surface of the nationary phase or by 
adsorption of solute by the stationary phase. Column 
chromatography involves adsorption, partition or ion-
exchange phenomenon. In adsorption column chromato-
graphy the substances are preferentially adsorbed by 
adsorbent packed in the column, while in partition column 
chromatography, the separation of the components of a 
mixture distribute themselves in differents ratio 
between two different solvents. In partition column 
chromatography the column is packed with silica gel or 
cellulose which contains significant amounts of water. 
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Applications of Column Chromatography: 
The basic application of adsorption chromatography 
has been the separation of mixtures into the pure 
individual components. However, there are applications of 
column chromatography; such as: 
(1) The concentration of substance from dilute 
solution, such as those obtained when natural products 
are extracted with large volumes of the solvents from the 
leaves of plants, trees, roots or barks. 
(2) Removal of impurities in the purification of 
compounds. 
(3) Identification of unknown compounds and comparison 
of compounds thought to be identical. 
(4) The determination of the homogeneity of chemical 
substances; and 
(5) Apart from those mentioned above, the greatest 
application of column chromatography has been in the 
separation and identification of inorganic anions and 
cations. From a great many experiments on aqueous 
solutions of mixtures of simple salts Schwal has found 
that the inorganic cations and anions under set 
conditions had a definite order similar to that described 
by Trwett for inorganic compounds and that of this order 
could be altered bychanging the conditions. 
As2*-Sb2'-Bi2* -F^*-Uof-Pb2*-Cu2*-Ag*-Zn2* 
Hg2* 
Co2* 
— Tl -
Cd2-
^-^2 + 
-Mn2^ 
23 
Those elements placed one above the other gave 
mixed zones with more or less separation of the different 
ions evident. 
PARTITION CHROMATOLOGY: 
Chromatology is an analytical method for the 
purification and separation of organic and inorganic 
compounds. It is useful for fraction of complex mixtures 
and separation of closely related compounds. In 1941 
Martin and Synge developed partition chromatography while 
Gordon discovered paper chromatography. The partition 
chromatography mainly consisted work on paper 
chromatography. 
Basic Principles of Liquid-Liquid 
Partition Chromatography: 
In liquid-liquid partition chromatography, a 
separation is effected by distribution of the sample 
between a stationary liquid phase and mobile liquid phase 
with limited miscibility. VJhen a solution of substance is 
shaken with Immiscible solvent the solute will distribute 
itself between two phases and when equilibrium is reached 
the partition coefficient (Ka) is 
Ka = con, of solute in solvent A 
con. of solute in solvent B 
Martin and Synge developed fractional liquid-
liquid extraction method by packing columns with silica 
gel placing the solution of a mixture on a column and 
developing with water immiscible solvent like butanol. 
The liquid held in column is called stationary phase and 
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mobile phase is an eluant travelling down the column. 
The separations based upon the exploitation of difference 
partition coefficients with respect to two solutes is thus 
termed as partition chromatography. 
The general theory of partition chromatography is 
similar to fractional distillation. The equation to 
correlate the rate of movement of a zone with the 
partition coefficient is given by 
Rr = AM 
A M + KdAs 
if AM = area of mobile phase and As = area of stationary 
phase. Thus 
Rr = distance travelled by the solute front 
distance travelled by liquid front 
Liquid-Liquid Partition Chromatography: 
This consists of a column of finely divided solid 
support on which, solvent is fixed and made immobile. A 
second phase, i.e. mobile phase which is immiscible with 
stationary liquid substrate flows over the latter. The 
components of sample mixture participate in a partition 
between stationary phase and mobile phase where they 
migrate. Those components which partition more readily 
in to the stationary phase are retarded in this passage 
through the column w.r.l. those which partition more in to 
mobile phase. 
The support consists of solid porous material with 
mesh size of 100-300 mesh holding about 507o weight of 
stationary liquid. Kieselguhr, diatomaceous earth, 
cellulose powder and silicagel have proved specially 
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suitable e.g. silicagel absorbs about 707o by weight of 
water without becoming wet in ordinary sense. Cellulose 
powder is also useful due to its fibrous material nature. 
As regards partitioning liquids the selection of 
solvent is confined to a hydrophilic solvent on stationary 
support and hydrophobic solvent serving as the mobile 
phase. Solvent can be classified on the basis of 
H-bonding. The solvents with property of either donor 
or acceptors of electron pairs have the ability to form 
intermolecular hydrogen bonding. The solvent pair 
selected should have low mutual solubility. Water can be 
bound as hydrophilic solvent. Substance with medium 
porosity can be then separated. Even buffers can be added 
to water phase for adjusting pH for complexation. The 
hydrophilic organic solvent can be also used in place of 
water. The solvent series for liquid-liquid partition 
chromatography is water>Formamide> Methanol> Acetic Acid> 
Ethanol>I-propanol>acetone>n-propanol>butylacetate>Chiorof 
orm>benzene>Toluene>Cyclohexane>Petroleum ether>Petrol euro> 
parafin Oil. This order is decreasing ability of the 
compound to form H-bonds. 
Reversed Phase Extraction Chromatography: 
This is also called as reversed phase partition 
chromatography. As the name emplies the phases used in 
liquid-liquid partition chromatography are reversed. That 
means instead of hydrophilic phase, we use hydrophobic 
phase as the stationary phase on suitable stationary 
support. Similarly instead of using hydrophobic phase as 
mobile phase we make use of hydrophilic phase as the 
mobile phase. There is a special technique employed to 
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coat the stationary phase with hydrophobic-water 
repellant material. Usually the stationary support which 
may consist of silica gel, alumina, KelF, Teflon or 
Kieselguhr. They are rendered hydrophobic by exposure to 
vapours of chlorosilane. Then the stationary support is 
subsequently treated with suitable hydrophobic solvent or 
extractant perferably on rotary vacuum- evaporator in 
order to get uniform coating. The dry process involves 
simply immersing of stationary support which has already 
been made hydrophobic in to an extractant. From the 
knowledge of solvent extraction, it has been known 
several of the solvating solvents like TBP, TBPO, TOPO, 
MIBK, Ethylacetate, Mesityloxide can be used as the 
hydrophobic phases. Similarly those of the solvents 
which exhibit solvent extraction by ion pair formation 
such as high molecular weight amines like TOA, TIOA, 
MDOA, TEA, Amberline LA-1, LA-2, Aliquat 336S, Arquad 6C 
can also be used as the hydrophobic phases. In recent 
days there is growing trend to use chelating extracting 
ligands like HDEHP, DNS etc. as the hydrophobic phase. 
The principal advantage of the reversed phase extracion 
chromatography is the use of previous knowledge or history 
of an element from the point of the extraction for 
development of new separations. With advent of knowledge 
in batch extraction it is fully known in what acidity and 
what concentration of an extraction a particular metal is 
extractable. Further from the extraction coefficient data 
it is quite feasible to develop cleanout separation by 
fully exploiting the acidity at which two metals are 
extracted. Further it is possible to devise separation by 
fully utilizing the difference in acids with which metals 
are backwashed or stripped from the column in to the 
effluent stream. 
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By uCilizing the technique of RPPC it was possible 
to accomplish separations of difficulty separable metal 
ions e.g. with TBP as the stationary phases, excellent 
separations were devised for the separations of Iron 
(III), Chromium (VI), Germanium (IV), Molybdenum (VI), 
Vanadium (V) Gold (III) and Mercury (II) from multi-
component mixtures. It has been also possible to use 
Amberlite LA-1 as the stationary phase for the separation 
of scandium and indium by extracting their anionic 
malonate complexes. So also with TOPO as the stationary 
phase it was quite possible to separate bismuth as well 
tin from mixtures and principally from easily fusible 
alloys such as Wood's metal, solder, type metal, white 
metal and various bronzes. 
In addition to above RPPC has been used with silica 
gel or Kieselguhr coated column with TBP for the 
separation of As from Ge, Se from Ca, Nb from Mo; so also 
with TOA as the stationary hydrophobic phase it was 
possible to separate Co from Ni, Fe from Mn. One can 
safely draw an anology between extraction chromatography 
on one hand with the anion exchange chromatography 
technique on the other hand. 
Application of Reversed-Phase 
Extraction Chromatography : 
In Inorganic separations it has been extensively 
used in the organic separations e.g. system of silica gel 
wioth H„0 is useful for separation of hydrophilic 
substances and substances of mediur. polarity. Methanol, 
polyethyleneglycol, formamide was used as stationary 
phase and hydrophobic solvent as mobile phase for the 
separation of lipids. Of course in LLPC technique RPPC is 
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useful for the separation of epoxy and hydroxy esters and 
polyunsaturated esters. It can be used to improve the 
technique of solvent extraction. Thus if batch extraction 
fails in solvent extraction, RPPC work, successfully 
because it gets both advantages of the solvent extraction, 
inspite of having small value for extraction coefficient 
and also of column chromatography wherein because of 
large number of theoretical plates in a particular column 
it is possible to have intimate contact of hydrophilic 
phase with hydrophobic phase to attain an equilibrium. 
Further the time required for total operation is 
relatively small, hence fast selective separations are 
thus possible. 
Paper Chromatography : 
Paper chromatography (PC) us considered to be the 
simplest and most widely used of the chromatographic 
technique because of its applicability to isolation, 
identification and, on occasion, quantitative determina-
tion of all low molecular weight organic and many 
inorganic compounds. In paper chromatography the 
separation of unknown materials is affected by the 
differential migration of different components, on a 
specially designed filter paper, which occurs due to 
differences in particular coefficients. 
paper chromatography is a very simple form that is 
used widely for qualitative identification, although 
quantitative analysis can be done. A sample is spotted 
onto a strip of filter paper with a micropipet, and the 
chromatogram is "developed" by placing the bottom of the 
paper (but not the sample spot) in the suitable solvent. 
The solvent is drawn up the paper by capillary action, and 
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the sample components move up the paper at different 
rates, depending on their solubility and their degree of 
retention by the paper. Following development the 
individual solute spots are noted or are made visible by 
treatment with a reagent that forms a coloured derivative. 
The spots will generally move at a certain fraction of 
the rate at which the solvent moves, and they are 
characterised by the R^ value: 
distance route moves 
f distance solvent front moves 
when the distances are measured from the centre of where 
the sample was spotted at the bottom of the paper. The 
solvent front will be a line across the paper. The 
distance the solute moves is measured at the centre of the 
solute spot or at its maximum density, if tailing occurs. 
The R^ value, then, is characteristic for a given paper 
and solvent combination. Because of slight variation in 
papers it is always a good idea to determine the R^ value 
on each set of papers. 
The cellulose filter paper used is very hydro-
philic and will normally have a thin coat of water 
adsorbed from the air. 50 the mechanism of separation 
is a form of liquid-liquid partition chromatography in 
which the sample distributes between the stationaryu 
water phase and the developing solvent. The developing 
solvent is usually a mixture of an organic solvent with 
water that may be buffered at a certain pH. The water, as 
it moves up the paper, is adsorbed and causes the paper 
to swell. Other polar solvents will also be adsorbed by 
the paper. Sometimes a water-immiscible solvent is used 
to develop the chromatogram. 
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Applications of Paper Chromatography: 
Paper chromatography is useful for the separation 
of very small amounts of substances and has proved 
extremely valuable in biochemistry, where small and 
complex samples are often found. This method can be 
easily adopted for the separation of amino acids and 
oligopeptides. The most important and widely used 
reagent for detecting amino acids is a white compound 
called Ninhydrin. If a trace or collidine is added to 
the ninhydrin reagent just prior to use, many amino acids 
give characteristic blue, brown, yellow or red colours. 
Similar to amino acids and peptides, several other 
classes of organic compounds including the compounds of 
biological origin, such as carbohydrates, phosphoylated 
sugars, lipids, steroids, bile acids, steroids hormones, 
nucleosides and nucleotides, alkaloids etc. have been 
studied by paper chromatography. Attention has also been 
focussed for the separation and identification of 
pesticides, nalogenated insecticides and organophos-
phorus insecticides etc, by paper chromatography. 
Two-dimensional chromatography is required for 
complex mixtures, such as protein hydrolysates. Almost 
any mixture of organic components can be separated. 
Inorganic substances are also easily resolved. Modified 
forms of paper are available i-pregnated with ion-
exchange resins, silica gel, alur.ina, and other subs-
tances, but the principles of the operation is the same. 
Thin Layer Chromatography (TLC): 
In 1938 it was developed by Ismailoff and 
Schraiber. Adsorbent is coated on glass plate which 
31 
serves as stationary support the mobile phase percolates 
and develops the chromatogram. It is open column chrona-
tography. This method is simple rapid in separation and 
sensitive. Speed of separation is fast and it is easy to 
recover the separated compounds. 
Usually silica gel is used as coating material but 
cellulose powder, Kieselguhr diatomaceous earth can also 
be used. For hydrophilic stationary phases plaster of 
paris is used as the binder, starch, colloidion plastic 
dispersion, hydrated silica can be also used. For 
spreading binder and soild a commercial applicator is used 
in order to get uniform layer. In addition ready to use 
thin layers are also available as precoated glass plate, 
chromatotubes etc. Amount of moisture in plates should be 
controlled in order to get reproducible results. 
The choice of solvent system and the composition of 
thin layer is determined by the principle of chromato-
graphy to be used. Sample to be separated is applied with 
r.icrosyringe near one end of the chromatoplate (1 pml 
i.e. 0.01-10 pg of substance). Solvent should be nonpolar 
and volatile. The layers can be divided into different 
column by scrubbing adsorbent. Secondly chromatoplates 
are developed by the ascending technique at room 
temperature to height of 15-18 cm. The time required for 
full development is 20-40 mts. All development techniques 
already discussed earlier for paper chromatography can 
be applied for TLC. Superior resolution is obtained in 
TLC due to extremely small diffusion rate in the 
adsorbent layer RPPC development is done on plates which 
have been impregnated with paraffin, silicon oil etc. 
Polyethyleneglycol is another impregnat. Solvent used 
are CH^COOH or acetonitrile. Long development time is 
some times necessary. 
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The colored substance can be visualised directly 
against color of stationary phase. Suitable reagents can 
be used for spraying. Chromic acid is used for charring 
organic compounds. Radiochemical method can be used for 
the purpose of development. Reagents can be used for the 
streaking or brushing along one edge of the plate to 
locate band positions. After development chromatogram can 
be removed by scrapping. 
Photodensitometry of plates is used for the 
quantitative analysis. Such analysis can be carried out 
with UV, visible, IR pr fluorescence spectrophotometry 
or by colorimetric reaction with suitable chromogenic 
agent. 
Application of Thin-Layer Chromatography: 
Compounds which are not volatile or too labile for 
gas liquid chromatography can be analysed by TLC. TLC is 
being increasingly used for qualitative, quantitative and 
preparative analysis. The technique is extremely suited 
for analysis of trace components. A large number of 
organic and inorganic compounds have been separated and 
identified and whenever possible, quantitatively analysed. 
The interest in applying TLC is that the technique is 
very sensitive and gives sharper zones, hence better 
resolution. The continued progress in instrumentation to 
yield more accurate results will no doubt make the 
technique common place for quantitative analysis. The 
application of TLC include the detection of by-products in 
synthetic processes, determination of the presence of 
impurity, removal of impurities and isolation of pure 
compounds, analysis of amino acids, peptides, carbohyd-
rates, lipids, seroids, bile acids, hormones, steroes, 
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nucleosides, nucleotides, alkaloids, pesticides, 
insecticides, vitamines, pigments, and inorganic anions 
and cations. The useful separation of plasticisers, 
antioxidants, separation of ink and dye formulation were 
accomplished by TLC. 
Ion Pair Chromatography: 
The separation of samples that disassociate in 
aqueous solution can be optimised by adjusting pH of 
stationary or mobile phase to suppress the dissociation 
and eluting solute as sharper zones, e.g. CH^COOH is 
added to the solvent in TLC or paper chromatography to 
get sharper peaks. Similarly bases as ammonia or organic 
bases are added to get sharoer peaks. One can add counter 
ions to stationary or mobile phase to promote salt 
formation between phases and samples. The "ion pairs" 
formed alter the retention behaviour of ionic compounds. 
Thus addition factor is useful to carry out effective 
separation. 
Ion pair chromatography is thus based on the 
formation of an ion pair between sample and either mobile 
or a stationary phase. It has extensive applications in 
HPLC (section 14.8) for separation of ionic compounds. 
Usually silica gel is used as the support for aqueous 
stationary phase which contains counter ions and buffers. 
The immiscible solvent is used as an eluant. In paired ion 
chromatography (PIC) similar to rversed phase methods, 
nonpolar phase (RP) is used as the stationary phase. Thus 
for the separation of acids, organic base like tetrabutyl 
ammonium phosphate is added to the eluant like methanol; 
for bases, organic acid like I-heptane sulphonic acid is 
used. In soap chromatography organic counter ions with 
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long carbon chains (<C^Q) are used. Now during separation 
the degree of dissociation of sample and counter ion is 
controlled by varying pH of stationary or mobile phase. 
Let us consider one example. If we take a carboxylic acid 
(R-COOH) it dissociates as 
RCOOH r RCOO" + H^ 
By adding acid, equilibrium can be shifted to left, i.e. 
dissociation is suppressed which results in sharp peak. 
Strong acid dissociation however cannot be suppressed but 
addition of counter ion leads to formation of ion pairs 
with different partition coefficient. The dissociation 
equilibrium of added counter ion is 
R,NCI == R,N CI leads to ion pair formation as 
R-N"^ + RCOO" == {RCOO~, NR, + ) ion pair 
The pH is so adjusted to effect complete dissociation of 
sample and counter ion (viz RCOOH and R,N X if X = CI), 
Usually strong acid like HCIO, and strong base like R,NCI 
is used. Selectivity can be enhanced by varying the 
temperature. In practice ion pair chromatography using 
reversed phases is simpler as the counter ions can be 
added as eluant. 
Ion pair chromatography has been used for the 
separation of biogenic amines and their metabolic 
products, carboxylic; ascorbic acids and dye inter-
mediates. The most fascinating development is the 
separation of lanthanide series of elements with HDEHP 
i.e. bis 2(ethylhexyl) phosphoric acid in dodecane 
coated on stationary silanised silica. Subsequently HNO^ 
or HCI were used as the eluant for stepwise separation. 
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GAS CHROMATOGRAPHY: 
Gas chromatography is undoubtedly the most 
important and extensively applied technique for 
analytical purposes, e.g., determination of number of 
components in a mixture, the presence of impurities in a 
substance, identification of a compound etc. Gas 
chromatography was originally developed in 1941 by A.J.P. 
Martin and R.L.M. Synge (awarded Nobel prize in 1952 for 
the discovery of gas chromatography) as a purely 
analytical method and A.J.P. Martin and A.T. James (1952) 
were the first to separate fatty acids by this technique. 
In the intervening years, however, it has been shown that 
this method can also be applied to the preparative scale 
production of substances. Further development of 
continuous processes based upon gas chromatography will 
lead even to greater utilization of these techniques on an 
industrial scale. It is rapidly becoming an important 
process control method widely used in chemical plants and 
refineries. 
Chromatography generally refers to the physical 
method of separation based on the distribution of 
components between the two phases - mobile and 
stationary. When gas constitutes the mobile phase, it is 
called gas chromatography. Based on the nature of 
stationary phase, the gas chromatography can be subdivided 
into gas-solid chromatography (GSC) and gas-liquid 
chromatography (GLC). In gas-solid chromatography the 
stationary phase consists of an active solid adsorbent 
such as granular silica, alumina or carbon. The process 
involves adsorption of gases on the solid surface and is 
chiefly applied to the separation of permanent gases and 
low boiling hydrocarbons. The technique has cartai 
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limitations such as non-linear adsorption, difficulty in 
reproduction, surface conditions and excessive retention 
of reactive gases causing the reduction of available area 
for adsorption. Gas-liquid chromatography is an 
important technique which has a liquid as a stationary 
phase distributed over the surface of a solid support. 
Theory of Gas Chromatography: 
The process of gas chromatography is controlled by 
three physical transport phenomena viz, by flow, by 
diffusion and by interchange of materials between the 
two phases (mobile and stationary). The most important 
phenomenon, however, is the distribution of solute 
between the two phases. As the solute is introduced into 
the column, the molecules are distributed between the 
mobile phase (carrier gas,and the stationary phase and a 
dynamic equilibrium is soon established as they pass back 
and forth, more or less in step like manner, between the 
liquid and the gas. At equilibrium, the concentration of 
molecules of each type is a constant ratio in the two 
phases. 
K = Concentration of molecules in the liquid phase 
Concentration of molecules in the mobile phase 
Let us consider a solute containing two compounds A 
and B, the latter being more soluble in the liquid 
phase. Since B is highly soluble in the liquid phase, 
relatively few of its molecules will be found in the 
vapour phase while molecules of A will distribute equally 
between the two phases when equilibrium is reached. Under 
this condition the carrier gas will drag the molecules of 
compound A along the column leaving behind molecules of 
compound B. As soon as the molecules of A reach a region 
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containing fresh liquid, some of them will redissolve and 
a new equilibrium is eatablished. During this time, when 
fresh mobile gas (carrier gas passes over the liquid 
containing molecules of B some of the B molecules will 
again enter the gas phase in order to establish the 
equilibrium. Thus the more volatile component move along 
the coluan slowly affording a clear and clean separation 
of the two components. 
Tne equilibrium ratio (or partition ratio) depends 
upon (i) the nature of the solute (ii) the nature of the 
solvent i.e., the stationary liquid (iii) the concentra-
tion of the liquid phase, and (iv) the temperature. The 
partition coefficient, K, is also related to the time a 
solute spends in each of the phases. 
K = Time of the solute in the liquid phase 
Time of the solute in the gas phase 
It is this apparent that the concentration of the 
liquid phase affects the separation; greater the 
concentration of the liquid phase, the more solute will 
dissolve in it and greater will be the value of K. 
Alternatively, an increase in the concentration of the 
liquid phase will result in increased residence time and 
the partition ratio will be increased. 
Applications of Gas Chromatography: 
Identification and Separation of Substances: 
The qualitative informations as to the identifica-
tion of a compound can be obtained from gas 
chromatogram. As stated above, the retention time and 
retention volumes, i.e., the time which lapses between 
the injection of the sample and its appearance at the 
detector (or the distance on the chromatogran from the 
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start of the separation to the peak given by the 
particular substance) , are characteristics of the 
individual compounds. Unknown compounds can also be 
identified by collecting the effluent and analysing it by 
any of the usual analytical procedure such as spectro-
scopic or mass spectrometric methods. 
An important application of gas chromatography is 
in the petroleum industry where it has completely 
replaced the separation by analytical distillation. 
Crude Petroleum products, gasolines,,waxes, sulphur and 
nitrogen compounds, hydrocarbons and unsaturations etc. 
have been separated by GC and identified by IR, UV, NMR 
and mass spectrometric techniques. 
Development of ultrasensitive detector has opened 
the field for the GC in the field of food products since 
many studies are centered around the trace components 
which account for the odour and flavour of foods. 
Fatty acids and steroids, high boiling and 
thermally unstable materials, have been separated after 
converting them into volatile and thermally stable deri-
vatives such as esters and acetates or trifluoro acetates. 
Similarly, the separation of blood gases, esterogens, etc. 
have also been accomplished by GC. 
A large number of other industrial products 
including herbicides, pesticides, pharmaceuticals, 
cosmetics, perfumes protective coatings, plastic-
materials, fertilizers, alcoholic beverages, rubber and 
rubber products, soap and synthetic detergents have been 
analysed and separated by gas chromatography. The 
technique has also been used in determination of water in 
butane gas, creams, emulsions, ointment's and pastes, etc. 
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Quantitative Gas Chromatography: 
Quantitative determinations can also be carried 
out by GC. One way of determining the amount of the 
solute is to collect the sample components as they are 
eluted from the column and analyse them by any 
appropriate method. 
Recorded chromatograms can be used for the quanti-
tative determination of known compounds. The peak is the 
only source of analytical data. If the peaks are sharp 
and narrow and reproducible, it is possible to convert the 
area under the peak in a chromatogram into quantitative 
measurements siniply by comparing them with standard 
graphs of the appropriate compounds. The peak area is the 
product of peak height and peak width at half peak height. 
Peak area = peak height x peak width at half peak 
height. The usual procedure to obtain peak area is by 
planimeter or electrical integrators. Many commercial 
chromatographs are provided with integrators which print 
directly along the edge of the chart a series of spikes 
proportional in frequency to the area beneath the curve. 
The spikes associated with a peak are counted which 
directly gives the amount of the material in the sample. 
Preparative Gas Chromatography: 
Although GC was originally developed as an 
analytical tool, but in the last few years it has been 
applied to the preparative scale production of substan-
ces. In this regard there are two characteristic classes 
of applications: 
(1) The preparative separation of substances for 
subsequent additional identification by other physical 
methods, which require samples from 1 to 1000 mg. 
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(2) The preparative separation for purification from 
intermediate or end products. In this case quantities 
from 1 to 200 gm is required. 
The two approaches have resulted in the development 
of two types of techniques of preparative was chromato-
graphy. In the first, the apparatus retains essentially 
the dimension of normal, analytical GC with columns of 
1-1.5 cm diameter and some accessories, such as special 
injection device and a repetitive collection arrangement 
Several commercial instruments are available in the market 
for this class of technique. 
The technique for the second approaches is based 
on the fact that upon increasing the colunn diameter, the 
resolving power does not decrease significantly. The 
capacity of a column of 10 cm diameter is 100 times 
greater than that of a 1 cm column. For the same sample 
size, one requires a thicker column only about l/lOO of 
the time, or one can, on the other hand, separate in the 
same time 100 times the amount of the material. Manifold 
repetition of the separation is equally applicable to the 
thicker columns. The vaporization chanber and other 
components of the gas chromatograph are specially designed 
for large scale preparative work. 
High Performance Liquid Chromatography (HPLC): 
Generally the chromatographic methods such as 
adsorption, partition, ion exchange are examples of liquid 
column chromatography. These liquid chromatographic 
methods employ glass tube with varying diameter with 
sufficiently long columns. The particles of varying 
dimensions are employed as the stationary support. The 
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head of liquid in column is just sufficient to develop 
adequate pressure to maintain uniform flow of the mobile 
phase; but on the whole such separations are time 
consuming. Various measure such as vacuum or pump were 
adopted to increase such flow rate without affecting the 
plate height in a chromatographic column. Attempts to 
reduce particle size of stationary support were not always 
rewarding. High performance liquid chromatography (HPLO) 
is used to segregate it from classical methods in 
existence. In HPLC narrow columns with internal diameter 
of 2-8 mm are employed, with packing particles of 50 am 
size with high inlet pressure flow rate is increased to 
0.1-5 cm/see. 
It would be interesting at this stage to compare 
gas liquid chromatography (GLC) with high performance 
liquid chromatography (HPLC). From the view point of 
speed and simplicity of equipment GLC is better. For 
isolation on nonvolatile substances including inorganic 
ions and thermally unstable naterials HPLC is perferable. 
Both techniques as a matter of fact are complimentary, 
are efficient, highly selective, needing small sample 
which can be handled by nondestructive testing and applic-
able for the quantitative analysis. The special feature 
of HPLC is it can accommodate thermally unstable and non-
volatile compounds and inorganic ions. 
Applications of HPLC: 
As far as the applications of HPLC with respect to 
adsorption chromatography is concerned, they are same as 
columnar methods but main use is in pharmaceutical and 
pesticide industries. In liquid-liquid partition 
chromatigraphy with HPLC techniques separation of 
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moderately polar to polar substances was possible. As 
regards ion exchange and HLPC combination good work has 
been carried out on porous layer beads (PLB), 
chemically modified silica gel ion exchangers and 
classical ion exchangers nucleic acids were separated on 
PLB, analysis time is less. Morphine heroin, etc. have 
been separated on resin Zipax-SAX. Ion exchangers on 
chemically modified silica gel have high exchange 
capacity, e.g. water soluble vitamins have been 
separated. As regards HPLC in exclusion chromatography, 
it is done with long columns, the main area of work is the 
same, viz. the determination of molecular weights of 
polymers and biochemical problems. The technique in 
general can be extended to any column chromatographic 
method. 
Gas-Liquid Chromatography (GLC): 
In gas-liquid chromatography (GLC), the components 
of vaporized sample are fractionated as consequence of 
partition between a mobile gaseous phase and a stationary 
phase held in a column. The concept of gas-liquid chro-
matography was first described in 1941 by Martin and 
Synge, who were also responsible for liquid partition 
chromatography. More than a decade was to elapse, 
however, before the value of GLC was sdemonstrated 
experimentally. Since that time, the growth in 
applications of the procedure has been phenomenal. 
Application of GLC : 
In evaluating the importance of GLC, it is 
necessary to distinguish between the two roles the methods 
plays. The first is as a tool for performing 
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separations; in this capacity, it is unsurpassed when 
applied to complex organic, metal-organic, and 
biochemical systems. The second, and distinctly different 
function, is that of providing the means for completion 
of an analysis. Here retention times or volumes are 
employed for qualitative identification, while peak 
heights or areas provide quantitative information. For 
these purpose, GLC is considerably more limited than some 
of the other methods. As a consequence, an important 
trend in the field has been in the direction of 
combining the remarkable fractionation qualities of GLC 
with the superior analytical properties of such 
instruments as mais, ultra-violet, infrared, and NMR 
spectrometers. 
Gel Permeation Chromatography : 
The separation of various constituent by taking the 
advantage of difference in the size and geometry of the 
molecule is the basis of exclusion chromatography. 
Gel filtration is technique that fractionates largely 
according to their molecular size. It is based upon 
inclusion and exclusion of the solutes through a 
stationary phase consisting of a heteroporous cross linked 
polymeric gel. It is a special case of liquid solid 
elution chromatography. The separation takes place 
between liquid phase within gel particle and liquid 
surrounding the particle. The mechanism is based upon 
different permeation rate by each solute molecule in to 
the interior of the gel particles. By flow of liquid, 
molecule diffuse in all parts of gel, only those molecules 
having larger sieze remain behind and are prevented from 
entering open regions, i.e. voids of gels. Subsequently 
they pass through the colunn by way of the interstial 
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liquid volume, smaller molecules penetrate deep inside. 
Hence large molecules appear first in the effluent lit 
followed by entrapped smaller molecules. Thus this 
separation is possible due to the size barriers that 
exist within gel particles. The degree of cross linking 
in gel is important. With lower molecules polarity and 
with larger molecules size is important consideration. 
The stationary support in such separation is 
xerogels. They are used as gel which are organic in 
nature and are either hydrophilic (e.g. agar, agarose and 
polyacrylamide cross linked dextrans) and hydrophobic gels 
based on polystyrene. They are available in the market 
under trade name as BiOGel P-2 (Polyacrylamide) Sephadex 
G-10-200 (Dextran) also Styrogel (modified polystyrene 
gels) and agarose. 
Application of Gel Permeation Chromatography: 
It is principally used for the analysis of mixtures 
of the molecules of different molecular weight, e.g. 
separation of raffinose, maltose, glucose and KCI at PH 
7.0 on Sephadex G15 flow rate of 5 ml/hr with H2O as 
eluant. It is also possible to separate molecules of same 
molecular weight by proper selection of gel type and 
colurn height. Desalting is another application which 
involves removal of salts and low molecular weight 
conpounds from macromolecules. Gels with small size do 
such separation which can be also carried out by 
dialysis. It is possible to estimate molecular weight by 
molecular exclusion technique. Proteins, dextrans, 
oligomers of ethylene glycol were handled by this method. 
It is also used for copolymerisation studies to study 
whether one has obtained pure copolymer or a mixture of 
homopolymers. The nucleic acids are separated from 
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nucleotides by gel filtration. Similarly polysaccharides 
from sugar and proteins from low molecular weight 
substances have been separated by gel permeation 
technique. This is possible because substance with 
molecular weight above exclusion limit for gel in 
question can be concerned by adding dry gel beads until a 
thick suspension is obtained. The components in the 
external solution can be recovered by centrifugation. 
Low lactose milk can be purified by this technique. 
ELECTROCHROMATOGRAPHY : 
The technique of separation of constituents under 
the influence of electric current by taking advantage of 
difference in migration rate is called as an electro-
chromatography or electrophoresis. Broadly this technique 
has been classified into three main areas as free 
boundary electrophoresis; zone erlectrophoresis and 
continuous electrophoresis. 
Principles of Electrophoresis: 
If a foreign phase which is charged, is subjected 
to potential gradient, the foreign ophase will migrate the 
continuous medium to the cathode or anode according to 
the sign of the charge on the particle. This phenomena 
is the electrophoresis. The basis of electrophoresis is 
the initial establishment of an inhomogeneily or 
concentration gradient across the system. Colloids, 
proteins, enzymes show peculiar electrophoretic 
mobilities and isoelectric points which can be used for 
identification of specific substances. The separations 
are accoir.plished only if the sepoarated components do not 
spontaneously remix by convective circulation. The 
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limitations of free ' boundary electrophoresis are 
eliminated partly by development prior to electrophoresis 
of gravitationally stable density gradient in a vertical 
electrophoresis tube by the approximate mixing of the 
buffer solution and varying amounts of solubl.e nonelectro-
lyte. On the other hand if electrophoretic migration is 
allowed to proceed with a porous or stabilized medium the 
migrating zones are not affected by convection currents 
produced by temperature and density gradients. In such 
media flow of liquids in tube is inversely proportional 
to the square of radius of tube while the cross sectional 
area of the tube is proprtional to the square of the 
radius. Filter paper, agar, starch, gelatin, foam rubber, 
glass spheres are usually used to provide capillary 
interstices; as a stabilising factor in electrophoresis. 
However filter paper is most common because on it 
complete separations are feasible, they are easy to handle 
the samples. It is possible to achieve separation 
horizontally or vertically and boundary anomalies 
interfere less. It was in 1931 when electrophoresis on 
paper was introduced. Generally the term electrochro-
matography is used with reference to the physical 
transport of charged solutes through paper under the 
influence of a potential gradient. 
Themigration of charged particles in paper depends 
on the magnitude and sign of the net charge on the solute, 
surface, charges, the applied voltage, electrolyte 
concentration, ionic strength, pH, temperature, viscosity, 
solute adsorptivity, and other physicichemical properties 
of the migration medium. Ions migrating in one direction 
also affects the mobility of other ions moving in the 
opposite direction. The path traversed by a charged 
particle is given by 
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d = Ute ^^ U^V 
Where V = Volts, L = length of channel, K= conductivity, 
e = current, U = mobility of ion at time t, q = cross 
sectional area and d = path traversed. 
Analytical Applications of Electrochromatography : 
The electrochromatographic homogeneity of zones is 
an important criteria in the establishment of purity. 
Electrochromatographic technique on paper has been 
applied to the separation of impossible components. The 
inorganic separations are most readily achieved in the 
presence of complexing agents; the latter affects the rate 
of chromatographic development and electromigration 
complex have different adsorption affinities for the 
migration medium and different charges than the simple 
ions e.g. Ag, Ni migrate to cathode but in the presence 
of EDTA; Ni migrates towards anode. The alkali metals 
and magnesium are also separated. The alkali and alkaline 
earths were similarly separated. The good separations of 
Pb, Pt, Rh, Ir, Os, Ru and Au were obtained on paper 
strips by electrochromatography in different electrolyte 
solutions. Next to paper most promising stabilised 
medium for electromigration experiment is starch. It is 
in columns and blocks which have been used generally for 
separation of number of components and arecredited to have 
some definite advantage over paper. The electrochromato-
graphic tecnique has been extensively used in the 
separation of inorganic ions, and in clinical diagnoses. 
It is also valuable in pathological condition of blood 
(e.g. serum, proteins, haemoglobins etc.) It has been 
extensively used in the field of carbohydrates, enzymes, 
alkaloids, drug extracts and nucleic acids. 
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CONCLUSION : 
There is hardly any major area in the field of 
chemistry and related sceinces that has not been affected 
by the rapid development of chromatographic methods and 
their routine applications. Both inorganic and organic 
compounds have been separated from mixtures. In its 
various forms chromatography has been successfully 
applied to mixtures of small molecules, such as inorganic 
gases, and mixtures of biological macromolecules with 
molecular weight up to several million. Gas chromato-
graphy is most effectively used for analysis of organic 
compounds up to molecular weight of approximately 500, if 
the requirements of volacility are fulfilled and if the 
compounds are not unstable at the common emperature used. 
Some of the most spectacular separations ever realized 
were achieved through this method. 
In all its forms, liquid chromatography is a 
complementary method to gas chromatography, and often when 
gas chromatography fails. It isgenerally used for 
separations of more labile (polar) samples and larger 
(non-volatile) molecules. The resolving power of liquid 
chromatography is usually lower than that of gas 
chromatography, but te simplicity of liquid 
chromatoigraphy is frequently advantageous. Basic 
biochemical research methods have been particularly 
advanced by gel chromatography and affinity chromato-
graphy. 
Both gas ad liquid chromatography are becoming 
indispensable tools in biomedical research, routine 
clinical determinations and drug screening programs. 
Modern chromatographic method have been developed for 
forensic "finger printing" applications. 
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Both analytical and preparative uses of 
chromatographic methods are extremely important to food, 
cosmetic, and pharmaceutical research and industries. 
These methods are often automated for routine analyses 
and closed-loop control of industrial streams, or to 
monitor the efficiency of cracking and distillation 
processes in the petroleum industry. 
Therefore, without question, the most widely used 
means of performing analytical separations is 
chromatography, a procedure that finds applications to 
all branches of science. 
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CHROMATOGRAPHY, C. JIBON-SKELETON, POLYCHLORINATED 
BIPHENYLS 
ASAI (Richard I), GUNTHER (Francis A), VJESTLAKE 
(William E) and IWATA (Yutaka). Differentiation of 
polychlorinated biphenyl from DDT by carbon-skeleton 
chromatography. J Agr Food Chem. 19, 2; 1972, March-
April; 396-8. 
Polychlorinated biphenyls (PGB's) and biphenyl 
yield identical carbon-skeleton chromatograms that 
are strikingly different from that of DDT. 
Comparisons of the relative retention times of 
products yielded by PCB's with known compounds, plus 
partial identification by their (JV spectra, suggested 
that the products formed at 300 C catalyst temperature 
were cyclohexylbenzene and biphenyl and at 260 C were 
cyclohexylbenzene and a small amount of tricycho 
bicyclohexyl. 
, COLUMN, AMINO ACIDS 
2. THOMSON (A R) and MILES (B J). Ion-exchange chroma-
tography of amino acids: improvements in the single 
column system. Nature. 203; 1964; 483-484. 
Two sets of modifications in experimental condi-
tions are described for the quant, analyses of amino-
acids with a single column of ion-exchange resin; 
The complete cycle time of 24 h. is reduced to 15 h. 
in the first and to 5.5 h. in the second. 
, , and THIN LAYER, LIPIDS 
ROUSER (G), GALLI (C), LEIBER (E), BLANK (M L) and 
PRIVETT (0 S). Analytical fractionation of complex 
lipid mixturess: diethylamino ethyl cellulose column 
chromatography combined with quantitative thin-layer 
chromatography. J Amer Oil Chem Soc. 41; 1964; 836-40. 
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A quantitative chromatographic method of 
fractionating lipid mixtures is desciibed. This 
involves columnchronatography followed by thin-layer 
chromatography. Chromatograms are obtained from beef 
brain and beef heart mitochondrial lipids are shown. 
The results obtained using thin new procedure 
correspond with those found by other chromotographic 
means. The advantages and limitations of this new 
method are discussed. 
, COLUMN, ANTHOCYANIDIN - 3,5 - DIGLU COSIDES 
4. HRAZDINA (Gene). Column chromatographic isolation of 
the anthocyanidin -3, 5- diglucosides from grapes. 
J Agr Food Chem. 18, 2; 1970, March - April; 243-5. 
The major pigments present in seibel - 9549 
grapes, delphinidin, petunidin, matridin, cyanidin 
and peonidin-3, 5-diglucosides have been isolated 
using column chromatography on insoluble polyvinyl-
pyrrilidine, polyclar AT. 
- —.,. , ELECTRON-CAPTURE, ENDRIN 
5. ALBERT (RA). Clean up method for electron capture 
[chromatographic] determination of endrin in fatty 
vegetables. J Agr of Agric Chem. 47; 1965; 659-61. 
Clean up in a column containing a mixture of kon 
and celite 545 between two packings of MgO - celite 
is recommended for use before chromatography in a 
Florisil column. Recoveries reported are carrots 
96.07o. The water content of the Kon-celite mixture 
(14-177o) is a critical factor. 
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NICKEL - 63 
6, AHREM ( A W ) and PHILLIPS ( W F ). Nickel-63 foil 
in a standard concentric cell for electron-capture 
detection. J Agr Food Chem. 15, 4; July-August; 
657-60. 
Concentric design electron-capture detectors 
were converted, using 63Ni, for operation at 300°C. 
in pesticide residue analyses, and the character-
istics and reliability were evaluated. During 2 
years of continuous operation with normal mainte-
nance, there have been no indication of "dirty" 
detectors and no change in sensitivity. 
, , ION EXCHANGE, LYSINE and SULFUR AMINO 
ACIDS 
LEWIS (Owen A M) and SHANLEY (Brigid M G). Estima-
tion of lysine and sulfur amino acids by short ion 
exchange column method. J Agr Food Chem. 18, 6; 
1970, Nov - Dec ; 1178. 
A relatively inexpensive, short ion exchange 
column method is described for the determination of 
lysin, methionine, and cystine, which are probably 
the commonest limiting amino acids of human diets. 
Cystine and methionine are determined in their 
oxidised form to avoid loss during hydrolysis and 
chromatography. 
, PARTITION, DDT 
8. VANDER GEEST (L PS) and MISKUS (R P). Column 
partition chromatography of DDT and related compounds, 
Analyt Biochem. 8; 1964; 200-9. 
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The seperation of DDT, certain of its homologues 
and analogues which are of interest iin studying the 
detoxification of DDT and some deriv of DDT was 
achieved by column chromatography of the compounds 
partitioned between 2,2j4-trimethypentane (moving 
phase) and 3- methoxypropionitrile (stationary 
phase) on cellulose powder. A colonimetric 
procedure modifying earlier applications of the 
Fujiwara reaction was developed to measure kethane 
and AC-DDT (d-trichloromethyl-4, A'- dichloroben-
zydrol acetal). 
, , SILICA GEL, OXIDE, PHOSPHINE TRIOCTYL 
INDIUM 
HEDDUR (RB) and KHOPKAR (SM). Extraction chromato-
graphy of medium trioctyl phosphine oxide. Indian J 
Chem Seet A. 23, 10; 1984; 881-2. 
Indium is extracted on the silica gel column 
coated with trictylphosphine oxide, as the 
stationary phase from 2-6 M hydrochloride aci. 
Employing this stationary phase indium has been 
separated from a large number of other metal ions 
either commonly associated with it or forming part of 
the alloy containing indium. The seperation from 
gallium, thallium and aluminium is significant. 
, TRIGLYCERIDES 
10. De VRIES (B). Seperation of triglycerides by column 
chromatography on silica impregnated with silver 
nitrate. J Amer Oil Chem Soc. 41; 1964; 403-6. 
A silica gel chromatographic column impregnated 
with AgN03 is used for the seperation of 20-100 mg. 
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quantities of synthetic mixtures containing dipal-
mito-elaidin and olein, histearin, stereo-diolein, 
triolein and dipalmito-olein, and dipalmito-olein and 
linolein. A mixture of benzene -ethyl ether-light 
petroleum, b.p 40 to 60 , is used as the developing 
solvent. The glyceride composition of palm oil has 
been determined by a seperation into six definite 
fractions followed by the identification of each 
fraction by GLC. 
, ,SILIC ACID, FATTY ACIDS 
11. BHATTY ( MK ) and CRAIG (BM). Silicic acid-silver 
nitrate chromatography as an enrichment technique in 
fatty acid analysis. J Amer Oil Chem Soc. 41; 1964; 
508-510. 
Using column chromatography with silic acid/ 
AgN03 and various solvent systems, the enrichment of 
trace quantities of components fatty acid in various 
oil is achieved. The technique shows the odd-
numbered fatty acid are found in both the saturated 
and monoene fraction of olive, rapeseed and sunflower 
seed oils. The method together with oxidation of the 
unsaturated components and followed by GLC of the 
fragments is of use in establishing the presence of 
minor quantities of positional isomers. 
CHROMATOGRAPHY compared with COLORIMETRIC, PIPERONYL 
BUTAOXIDE 
12. SECREAST (Margaret F) and CAIL (Robert S). Chroma-
tographic-colorimetric method for determining low 
residues of piperonyl butaoxide in flour. J Agr Food 
Chem. 19, 1; 1971, Jan - Feb ; 192-3. 
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A sensitive chromatographic-colorimetric method for 
determining piperonyl butaoxide resides in flour has 
been developed. The residue is extracted with 
pentane and chromatographed on a column of florisil, 
with two successive eluting solutions of ethyl 
accetate in pentane. 
,GAS, ABATE (WATER) 
13. DALE (William E) and MILES (James W). Gas chromato-
graphic determination of abate using flame photo-
metric and electron-capture detectors. A Agr Food 
Chem. 17, 1; 1969, Jan - Feb ; 60-62. 
A gas chromatograph equipped with a flame photo-
metric detector has been used for the development of 
a highly sensitive and specific method for the 
determination of Abate (0, 0.0', 0'-tetramethyl-0, 
0' - thiodi-p-phenylene phosphorothioate) in water. 
Since only phosphorus or sulphur is determined by 
this detector, no clean up is required. Therefore 
n-hexane extracts of water samples were concentrated 
to a suitable volume and aliquots were injected 
directly into the gas chromatograph. The recovery of 
abate from water averaged 98.5 ± 1.37o. The method 
can also be used with gas chromatographs equipped 
with electron-capture detector and possibly other 
detectors. 
14. WRIGHT ( Fred d) , GILBERT (Bennye N) and RINNER 
(Jayme C). Gas chromatographic determination of 
abate residues in water. J Agr Food Chem. 15, 6; 
1967, Nov - Dec ; 1038-9. 
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A gas chromatographic method for determining 
abate (0,0,0',0'-tetramethyl -0,0'- thiodi - p -
phenylene phosphorothioate) in water is described. 
After extraction and clean up, the insecticide is 
concentrated in a small volume of chloroform. 
Average recoveries of about 707. were obtained from 
water portified with known amounts of the insecti-
cide. The method will detect residues as small as 
0.05 p.p.m. 
, ACCOTHION 
15. BOWMAN (Malcolm C) and BEROZA (Morton). Determina-
tion of Accothion, its oxygen analog, and its creso] 
in corn. Grass, and milk by gas chromatography, 
J Agr Food Chem. 17, 2; 199, March-April; 271-6. 
Residues of Accothion (0,0-dimethyl 0-4-nitro-m-
tolyl phosphorothioate), its oxygen analog, and Its 
cresol hydrolysis product were determined In corn 
plants, coastal bermuda grass, and milk. The 
compound in extract were seperated by liquid chroma-
tography on silica gel containing 207o water; a 
solvent partition was applied to one milk fraction 
and an alumina column clean up to one fraction from 
the corn or grass. The Accothion and oxygen analog 
f•^ action were analysed by gas chromatography with >? 
fl a^.ir- photometric detector sensitive to phosphorus 
and the cersol fraction by gas chromatography with 
61 Ni electron capture detector. 
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.ANAESTHESIOLOGY, 
16. PANTVAIDYA (S H) and HEMALATA (R). Gas chromato-
graphy and its application in anaesthesiology 
research. Indian J Anaesth. 30, 2; 1982; 117-21. 
The estimation of concentration of anesthetic 
vapour using gas chromatography which is a physical 
method used in chemical analysis is described. The 
components of the chromatograph, the chromatogram, 
the calculation of the sample concentation, the 
versatility and the limitations of method are also 
described. 
and COLUMN, OILS 
Ij^ RUSSELL (GF) and JENNINGS (WG). Constituents of 
black pepper: some oxygenated compounds. J Agr Food 
Chem. 17, 5; 1969, Sept - Oct ; 1107 - 12. 
A polar compounds of oil of black pepper were 
seperated by column chromatography, and resolved by 
repetitive gas chromatographic seperations. Infared, 
mass, and ultraviolet spectroscopic studies on 
isolated fractions resulted in the identification of 
unalool, I. terpinen -4 -or, x-terpineol, crytone, 
carvone, p-cymene-8-or, trans-carveol, safrole, 
arcurcumene, methyl engenol, nerolidol, and 
myristicin. Spectral data was used to deduced a 
probable structure, yet unreported. 
ANION 
18. MCDONALD (Kelvin L). Anion analysis of gas chromato-
graphy. Analytical Chemistry. 44, 7; 1972, July; 
1298-9. 
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Sometime with the analysis of agueous solutions 
containing carbonate, sulfide, or sulfite, sometime 
in mixture and frequently contaminated with large 
amounts of organic material. The usual wet chemistry 
methods involving potentiometric titrations (1) were 
sometime unsatisfactory owing to the difficulties in 
end points detection and the possibility of air 
oxidation of the sample during sample handling. The 
method described here avoids these drawbacks and, 
to our knowledge, has not been previously reported. 
, ,ANTIBIOTIC CYCLO HEXIMIDE 
19. BROWN (L W). Gas chromatographic Assay of the 
Antibiotic cycloheximide. J Agr Food Chem. 21, 1; 
1973, January - February; 83-6. 
A gas chromatographic aisay procedure is 
described for the antibiotic cycloheximide in bulk 
drug and formulations. This method which was a 
co-efficient of variation of approximately it 
involves silylation of cycloheximide followed by 
treatment with isopropyl alcohol to produce the 
monotrimemylsilyl derivative which chromatographs as 
a single peak. Isocycloheximide and the principal 
dehydration product (anhydrocycloheximide), two 
possible impurities in cycloheximide samples, can 
also be determined by this procedures. 
, ,AROMATIC AMINES and NITRILES and HYDRO-
CARBONS 
20. FARROHA (Sabri M) and EMEISH (Samir S). Gas chroma-
tographic sepe^ ation of aromatic amines, nitriles and 
hydrocarbons-1. Talenta. 22, 2; 1975, Feb ; 121-8. 
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A mixture of tnono-and di-subsCituted nitriles 
was seperated on six different liquid phases, but a 
mixture of mono-and di-substituted anilenes was 
seperated in only two liquid phases. The forces 
influencing the seperation and elution order of these 
solutes are discussed. The absence of selective 
interactions between aromatic hydrocarbons and the 
various liquid phases was proved thermodynamically. 
, ,ARYL CARBAMATES 
21. SULLIVAN (L J), ELDRIDGE (JM) and KNAAK (JB). Deter-
mination of carbaryl and some other carbonates by gas 
chromatography. J Agr Food Chem. 15, 5; 1967, Sept -
Oct ; 327-30. 
A method for preparing derivatives of some aryl 
carbamates to provide stable compounds for gas 
chromatography entails initial reaction at 4 C 
between the carbonate and acetic anhydride. The 
reaction is completed at 97 C over a 30 minutes 
period. Both temperature-programmed and isothermal 
results using a hydrogen flame detector are given. 
Carbon-14 detection is used for verification of 
results. 
,AZODRIN and BIDRIN 
22. BOWMAN (Malcolm C) and BEROZA (Morton). Gas chroma-
tographic analysis of 3-Hydroxy-M-methyl-cis-croto-
namide Dimethyl phosphate (Azodrin) and 3-Hydroxy-M, 
M-dimethyl-cis-crotonamide Dimethyl phosphate 
(Bidrin). J Agr Food Chem. 15, 3; 1967, May-June; 
465-8. 
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A gas chromatographic method for determining 
Azodrin and Bidrin utilizes a short, lightly loaded 
carbowax 20M column, conditional to Bidrin and 
Azodrin. The insecticides are detected with the 
Melpar flame phosometric detector equipped with a 
526-mu filter to sense phosphorus. Peak height is 
proportional to concentration, and response is linear 
to at least 250 mg. In the analysis of extracts of 
sweet corn plants, almost no clean up was required, 
and recoveries were 94-1017o. 
, BAY 98820 
23. THORNTON (John S) and STANLEY (Charles W). Determina-
tion of BAY 93820 residues in plant and animal 
tissues by alkali flame Gas chromatography. J^  r^ 
Food Chem. 19, 1; 1971, Jan - Feb ; 73-7 
A specific gas chromatographic procedure is 
described for the determination of resides of BAY 
93820 (0-methyl phisphoramidothioate 0-ester with 
isopropyl salicylate), a promising new cotton 
insecticides, and its oxygen dualog in plant and 
animal tissues. After initial extraction, the 
parent compound is seperated by solvent partitioning 
from the oxygen analog and cleaned up seperately. 
The oxygen analog is deaminated and methylated to 
convert it to a more desirable derivatives for gas 
chromatography. Following cheal up and derivati-
zation, the parent compound and the oxygen analog are 
recombined for gas chromatographic analysis. Final 
detection utilizes the phosphorus-sensitive, alkali 
frame detector which allow little interference from 
crop extractives. 
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,BAYGON (ANIMAL TISSUES) and (MILK) 
24. STANLEY (Charles W) and THORNTOM (John S). Gas 
chromatographic method for residues of Baygon and its 
major metabolite in animal tissues and milk. J Agr 
Food Chem. 20, 6; 1972, Nov - Dec ; 1269-73. 
A gas chromatographic method for the 
determination of bayzon (0-isopropoxy phenyl M-methyl 
carbonates) and its major metabolite is animal 
tissues and milk, has been developed. The residues 
are extracted from animal tissues and milk by 
successive blending with acetonitrite and hexane. 
Baygon and anjugated metabolite are seperated from 
each other and clean up individually. The metabolite 
is released from its conjugates by acid hydrolysis 
before clean up. Detection is by electron capture 
gas chromatography of the trichloro acetyl 
derivatives. 
, (PLANT TISSUES) 
25. STANLEY (Charles W) , THORNTON (John S) and KATAGUE 
(David B). Gas chromatographic method for residues of 
baygin and metabolites in plant tissues. J Agr Food 
Chem. 20, 6; 1972, Nov - Dec ; 1265-9. 
A gas chromatographic method for the determi-
nation of Baygon (0-isopropoxy phenyl N-methyl 
carbamates) and its metabolites in plants has been 
developed. The residues are removed from the plant 
sample by successive beending with acetone and 
chlorofom. Baygon and the water soluble conjugates 
are seperated from each other and cleaned up 
seperately. The conjugated metabolites are released 
by enxymes hydrolysis before the clean up. Detec-
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tion is by electron capture gas chromatography of 
the trichloroacetyl derivatives. 
,CADMIUM and OLEFIN 
26. HADZISTELIOS (Isidore), LAWTON (Frank) and PHILLIPS 
(Courtenay SG), Gas-chromatographic studies of 
cadmium-olefin complexes. Dalton Transaction. 20; 
1973; 2159-62. 
> 
CdF2 deposited on a r-alumina surface from 
aqueous HF solution has been found to interact 
sufficiently strongly with olefin and aromatic 
compound to give very marked selective retardation 
of olefins and aromatic compounds when CdF2 - A1203 
is used as stationary phase in a gas - solid chroma-
tographic column. These interactives are consider-
ably modified by competition with water vapour, and 
are much weaker with other cadmium salt investigated. 
, , CAPILLARY and COLUMN, SESQUITER HYDRO-
CARBON 
27. MULLLER (C J) and JENNINGS (WG). Constituents of 
black pepper: Some sesquiterpene hydrocarbons. J Agr 
Food Chem. 15, 5, 1967, Sept - Oct ; 762-6. 
Individual sesquiter hydrocarbons were isolated 
from black pepper oil by column chromatography 
followed by preparative and capillary gas chromati-
graphy. On the basis of matching retentions, 
infrared and, where applicable, ultraviolet spectra 
of isolated components were identified as major 
compounds of the resquiterpene hydrocarbon fraction. 
63 
. , , ,HOPS 
28. BUTTERY (Ron G) and LING (Houisa C). Identification 
of hop varieties by gas chromatographic analysis of 
their essential oils: capilary gas chromatography 
patern and analyses of hop oils from American grown 
varieties. J Agr Food Chem. 15, 3; 1967, May-June; 
531-5. 
Capillary gas chromatography patterns and tables 
of percentages composition are given for hop oils 
froE the American grown hop varieties cluster (early, 
late, seeded, seedless); Fuggle (seeded, seedless); 
Bullion (seeded and seedless); Brewers Gold (seeded, 
seedless), and Talisman (seedless). A scheme is 
described where by each variety can be readily 
distinguished from the others by its capillary gas 
chromatography pattern and by the relative 
percentages of certain components. 
, , ,VOLATILES (GRAPES) 
2c, STERN (DJ), LEE (A), McFADDEN (WH) and STEVENS (KL). 
Volatiles from grapes: identification of volatiles 
fror. concord essence. J Agr Food Chem. 15, 6; 
Nov - Dec ; 1100-3. 
A volatile of concord grapes (vitis labrusca) 
were examined by capillary gas chromatography-mass 
spectral combination. Sixty components were 
identified; of popular interest were a series of 
crotonate esters and a possible ethyl alkyl-
thioester. 
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,CAPTAM 
30. KILGORE (Wendell W), WIMTERLIN (Wray) and WHITE 
(Robert). Gas chromatographic determination of 
captan residues. J Agr Food Chem. 15, 6; 1967, 
Nov - Dec ; 1035-7. 
A rapid procedure for the determination of 
captan [N-(trichloromethylthio)-4-cyclohexane-l, 
2-dicarboximide] resides on apricots, peaches, 
tonatoes and cottenseed is presented. The residues 
are extracted with benzene or acetonitrile and 
analyzed by electron-capture gas chromatography. 
Residues as low as 0.01 p.p.m can be detected and 
recoveries were 927o. 
,CARBOFURAN and 3-HYDROXY-CARBOFURAN 
(CORN) 
31. COOK (RF), STAMOVICK (RP) and CASSIL (CO. Determi-
nation of carbofuran and its carbonate metabolite 
residues in corn using a nitrogen-specific gas 
chromatographic detector. J Agr Food Chem. 17,2; 
1969, March - April; 277-82. 
A gas chromatographic method capable of deter-
mining carbofuran (2, 3-dihydro-2, 2-dimethyl-7-
benzofuranyl methylcarbamate) and 3-hydroxy-carofuran 
(2,3-dihydro-3-hydroxy-2, 2-dimethyl-7-benzofuranvl 
methylcarbamate) resides in field corn is presented, 
The intact methylcarbamate residues were determined 
using a nitrogen-specific microcoulometric detection 
system. An acid hydrolysis converted the water 
soluble confugated residue forms to the organo-
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extractable aglycone forms. Corn stoker and .corn 
cols samples required a silica gel-Nuclear-Attaclay 
column clean up. Average recovery were 707o. 
, (LETTUCE) 
32. MIDDELEM (CH Van), MOYE (HA) and JAMES (MJ). 
Carbofuran and 3-hydroxy carbofuran determination in 
Lettuce by Ackali-flame gas chromatography. J Agr 
Food Chem. 19, 3; 1971, May-June; A59-61. 
The carbonate pesticide is transesterified with 
methanol via reaction gas chromatoigraphy to form 
methyl N-methyl carbamate which is aisayed by an 
alkali-flame ionization detector. Acid hydrolysis 
converted the water-soluble conjugated carbonate 
residue forms to organo extractable aglycones. 
Methylene chloride extracts of lettuce required only 
a Muchar-Attaclay clean up. Recoveries from lettuce 
extracts fortified with 0.05 to 1.0 p.pm 3-hydroxy 
carbofuran were quantitative. 
, , CARBONYL 
33. DIMSMORE (Howard L) and NAGY (Stevan). A rapid gas 
chromatographic method for studying volatile carbonyl 
compounds from orange juice and their changes during 
storage. J Agr Food Chem. 19, 3; 1971, May-June; 
517-9. 
A method is described for gas chromatographic 
analysis of volatile aldehydes and ketanes in 
citrus juice. Volatile are stripped by a stream of 
nitrogen at reduced pressure and are passed through a 
solution of dinitrophenyl hydrazine. The chemically 
trapped carbonyls are regenerated directly into the 
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gas chromatograph. Mass spectra insisted in making 
identification. Small sample size and min. of 
sample handling make the procedure convenient for 
observing chemical changes during storage. 
, ,CHLORINATED HYDROCARBON 
34. SASCHENBRECKER (Peter W) and ECOBICHON (Donald J). 
Extraction and gas chromatographic analysis of 
chlorinated insecticides from animal tissues. 
J Agr Food Chem. 15, 1; 1967, Jan - Feb ; 168-70. 
An extraction procedure for chlorinated hydro-
carbon insecticides gives high quantitative yields 
from several distinctly different tissues (plasma, 
liver, breast muscle, and brain). Recoveries of 
added insecticides ranged from 84.1 to 100.37.. 
With the exception of neutral fat and glandular 
oils, this method is applicable to a variety of 
tissues and to a number of insecticides. 
, ,CHLOROFENVINPHOS 
35. IVEY (Marcellus C), OEHLER (Delhert D) and CLABORN 
(Houston V). Gastiquid chromatographic determination 
of chlorofenvinphos in Milk, Eggs and body tissues of 
cattle and chickens. J Agr Food Chem. 21, 5; 1973, 
Sept - Oct ; 822-4. 
A gas chromatograph equipped with a flame 
photometric detector provided a highly sensitive 
method of determining resides of chlorofenvinphos in 
milk, eggs and body tissues of cattle and chickens 
with extraction and clean up, 0.002 ppm of the 
insecticide could be detected in milk and 0.001 ppr 
in body tissues and eggs. Recoveries of 837o - 1007= 
were obtained. 
67 
, ,CHLOROPHENOXY ACETIC ACID with DIMETHYL 
SULPHATE 
36. SCOGGINS (James E) and FITZGFRALD (Charles H). Rapid 
methylation of chlorophenoxy acetic acid herbicides 
with dimethyl sulfate for gas chromatographic 
analysis. J Agr Food Chem. 17, 1; 1969, Jan - Feb ; 
156-7. 
A mixture of dimethyl sulfate in methanol is an 
efficient methylating reagent for the chlorophenoxy 
acetic acid herbicides. Its efficiency is compared 
with methylation by diazo methane and acid catalyzed 
reactions. 
, ,CHLOROPYRIFOS and ENDOSULFAN 
37^ UK (Solang) and HIMEL (Chester M). Gas chromato-
graphic method for analysis of chloropyrifos and 
endosulfan insecticides in topically treated house-
flies. J Agric Food Chem. 20, 3; 1972, May - June; 
638-42. 
Gas chromatographic methods and a high 
temperature MI63 detector were used after n-hexane 
extraction with clean up. Cutiele penetration was 
estimated along with rates of in vivo metabolism of 
these insectisides in the housefly. Rates of 50% 
disappearance of chlorpyrifos and endosulfan from the 
cuticle were 86 and 83 min. respectively. Thoracic 
choimerterase activity of flies surviving the LD50 
dose treatment with chloropyrifos declined to a 
plateau of 707o of non-treated controls after 3 hr. 
and remained unchanged for 9 12-hr. period. The 
enzyme activity of flies at "knock-down" averaged 36% 
regardless of knock-down time. Endosulfan did not 
inhibit thoracic cholinesterare. 
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,COLUMN, OPEN-TUBE, ROSIN FLUXES 
38. HASSAN (Join C) and KULKARNI (Murlidhar V). Open-
tube-coloumn gas chromatography of rosin fluxes. 
Analytical Chemistry, 44, 9; 1972, Sept ; 1586-9. 
The major components in water white rosin flux 
have been seperated withresolutions of two or better 
using open-tube capillary columns. This methods was 
used to distinguish between acceptable and 
unacceptable fluxes for application in micro 
electronic processing. The optimuk conditions for 
the analysis were investigated and a possible 
mechanism for the reaction between rosin flux and 
metal oxides was proposed. 
, , compared with FLAME PHOTOMETRIC, DURSBAN 
39. BOWMAM (Malcolm C) and BEROZA (Morton). Determi-
nation of duriban and its oxygen analog in corn and 
Grass by gas chromatography with flame photometric 
detection. J Agr Food Chem. 15, 4; 1967, July-Aug ; 
651-3. 
Durrban and its oxygen analog were determined by 
gas chromatography on a glass column containing SX, 
W/W. DC 200 on 80- to 100- mesh Gas chrom at 150°C. 
after the two compounds were seperated by liquid 
chromatography on a silica gel column. The melphar 
flame photometric detector, which responds with high 
specificity to phosphorus, was used conditioning of 
the column to the insecticides and the substrate was 
required Recoveries were 95 - 99%. 
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FLOUROMETRIC, CARBARYL and 
1-NAPHTHOL 
40. ARGAUER (Robert J), SHIMANUKI (Hachiro) and ALVAREZ 
(Claudia C). Flouroraetric determination of carbaryl 
and 1-Napthol in Honey nees (Ajis mellifera 1.) with 
confirmation by Gas chromatography. J Agr Food Cham. 
18, 4; 1970, July - August; 688-91. 
Carbaryl and 1-naphthol were extracted from 
fortified samples of honeybees, pollen, alfalfa, and 
honey, and determined quantitatively by the strong 
fluorocence associated with the sodium salt of 
1-naphthol. Recoveries averaged 957o when both 
methanol and methylene chloride were used for 
extraction. A florisil column removed many 
fluorescent interferences associated with plant 
extracts. The colourless aqueous phase that 
resulted when the yellow methylene chloride eluant 
was extracted with 0.25N sodium hydroxide was found 
suitable for measurement of the fluorescence of any 
free 1-naphthol present in sample. After all the 
results confirmed by gas chromatography. 
, , compared with LIQUID, VELSICOL VCS-506 
41. BOWMAN (Malcolm C) and BEROZA (Morton). Determina-
tion of insecticide, [0-(4-bromo-2, 5-dichloro-
phenyl) 0-nethyl phenyl phosphonothioate] (velsicol 
VCS-506), its oxygen analog, and its phenolic 
hydrolysis product in corn and milk by gas chromato-
graphy. J Agr Food Chem. 17, 5; 1969, Sept - Oct ; 
1054 - 8. 
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In this method the compounds are seperated by 
liquid chromatography of the extract on two columns, 
buffer-deactivated silica gel and alumina, prior to 
gas chromatographic analysis using a frame-photo-
metric detector for the parent compound and the 
oxygen analog and a Ni63 electron capture detector 
for the phenol. Recoveries of the parent insecticide 
and its oxygen analog added at levels between 0.05 
and 5.0 ppm were 91 to 99% and 72 to 927= 
respectively. Minimum detectable levels for the 
three compounds were less than 0.01 ppm. 
, , compared with MASS SPECTROSCOPY and 
.,: VACUMM DISTILLATION, NITROSAMINES 
42. TELLING (Geoffrey M) , BRYCE (Thomas A) and ALTHORPE 
(James). Use of vacuum distillation and gas chromato-
graphy - Mass spectometry for determination of low 
levels of volatile nitrosamines in meat products. 
J Agr Food Chem. 19,5; 1971, Sept - Oct ; 937-40. 
Lower limits of detection for the technique 
range from 25 ppb for M-mitrodimethylamine (DMN) to 
65 ppb for M-Nitrosodipurtylamine. The technique has 
been used to screen seven types of meat products for 
the presence of volatile nitrosamines, and all 
results were negative. The paper also discusses 
techniques by which certain individual nitrosamines, 
including DMM, can be detected at levels of <10 ppb. 
, BLACK BERRIES 
43. LOOK (Melvin) and White (Larray R). Blackberry 
flavor components of commercial essence. J Agr Food 
Chem. 18, 4; 1970, July - August; 744-5. 
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A commercial essence of evergreen blackberries 
(Rubus ulmifolius inermis) was extracted with ethyl 
chloride. Sixteen volatils compounds were identified 
in the extract by combined gas chromatography - mass 
spectrometry. Compounds identified included acetals, 
esters, alcohols, ketones, terpenes and an aromatic. 
, BUTACHLOR 
44. HUSSAIN (S), NAGESH WARASARMA (P). NARASIMHA (R) and 
SWAMI (SS). Seperation identification and quanti-
tative determination of M - (butoxymethyl) - 2-
Chloro -2', 6'-diethyl acetanilide and a byproduct 
in mixtures using GC-MS. Indian J Technol. 22, 12; 
1984; 465-7. 
Seperation of M-(butoxy methyl) -2-Chloro-2', 
6'-diethyl acetanilid (butachlor) and a byproduct is 
carried out by Gas chromatography. The byproduct is 
identified as 2-chloro-2', 6'-diethyl acetanilide by 
Gas chromatography - Mass spectroscopy. A rapid, 
sensitive and selective gas chromatographic method 
for the quantitative determination of these compound 
in mixtures is developed. 
, , HEPTACHLOR EPOXIDE 
45. BIROS (Francis J) and WALKER (Annita C). Pesticide 
residue analysis in Human tissue by combined gas 
chromatography - mass-spectrometry. J Agr Food Cher.. 
18, 3; 1970, May - June; 425-9. 
Pesticides residues in human adipose tissue and 
liver tissue samples were identified by mass-spectro-
metry coupled with gas chromatography. An extensive 
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extraction and clean up procedure was adopted from 
existing analytical methods to seperate pesticides 
residues from the tissue samples. Concentration of 
pesticides in tissue ranged from 0.073 to 28.7 ppm. 
Mass spectras data were computer-enhanced to 
identify heptachlor expoxide. Advantages, limi-
tations, and suggested modifications for improving 
gas chromatography-mass spectometry technique for 
pesticide residue analysis are discussed. 
, MEAT, CHICKEN, COOKED 
46. NONAKA (M), BLACK (DR) and PIPPEN (EL). Gas chromato-
graphic and mass spectral analyses of cooked chicken 
meat volatiles. J Agr Food Chem. 15, 4; 1967, July-
Aug ; 713-7. 
An odorous fraction isolated from boiling 
chicken meat was fractionated by capillary gas 
chromatography and the effluent analysed directly by 
mass spectrometry. Sixty two of the approx. 277 
compounds evident on the chromatogram were 
identified. They includes sulfur compounds, 
aldehydes, ketones, aromatic compound, furans, 
esters, hydrocarbons, alcohols and terpenes. 
, , , , NITROSAMINES , VOLATILE 
47. BRYCE (Thomas A) and TELLING (Geoffrey M). Semi-
quantitative analysis of low-levels of volatile 
nitrosamines by Gas-chromatography-Mass spectrometry. 
A Agr Food Chem. 20, 4; 1972, July-August; 910-1. 
A method is described for the analysis of 
volatile nitrosamines in food using a high-resolution 
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icass-spectrometer coupled to a gas chromatograph. 
An ion, characteristic of each nitromines, is choosen 
and the gas chromatograph effluent is monitored by 
spectrometer (at a resolution of10,000) for any 
compound whose mass-spectrum contains the 
characteristics ion. The amount of nitrosamine is 
estimated from a knowledge of the sensitivity of the 
cass-spectrometer to that nitrosomine. 
, M. NITROSODIMETHYLAMINE 
48. FAZIO (Thomas), DAMICO (Joseph N), HOWARD (John W) , 
WHITE (Richard H) and WATTS (James 0). Gas chromato-
graphic determination and Mass-spectometric 
confirmation of N-Nitrosodimathylamine in smoke 
-processed marine fish. J Agr Food Chem. 19, 2; 
1971, March - April ; 250-3. 
The gas chromatographic method for the 
determination of N-Nitrosodimethylamine is smoked 
nitrite-treated club fish has been modified to 
include other species of fish. The introsamine, 
confirmed by mass spectrometry, was involated from 
samples of raw, smoked, and smoked nitrite- and/or 
nitrate treated, sable, salmon, and shad. Levels of 
N-nitrosodimethylamine found ranged from 4 to 26 ppb 
(ug/kg). 
, , , ,PINAPPLE ESSENCE 
49. FLATH (RA) and FORREY (RR). Volatile components of 
sr;ooth cayenne pineapple. J Agr Food Chem. 18, 2; 
1970, March-Arpil; 306-9. 
74 
Pinapple (smooth cayenne) essence was extracted 
with isopentane, and the resulting extract was 
examined by combination gas chromatography-mass 
spectrometry, using large-bore opentubular columns 
and a membrane-type interface. Fortyfive compounds 
were identified-including twenty are previously 
unreported in pineapple. 
, , , , SOYABEAN 
50. WILKENS (Walter F) and LIM (Fang M). Volatile flavor 
components of deep fat fried soyabeans. J Agr Food 
chem. 18, 3; 1970, May-June; 337-9. 
The volatile flavor components of deep fat-fried 
soyabeans have been isolated-fractionated, and 
identified with the techniques of gas chromatography 
and mass spectrometry. Several carbonyls, aromatic 
compounds, pyrazine, and pyrole derivatives have 
been identified. Their origins and possible 
contributions to the characteristic "peanut butter-
like" aroma of deep fat-field soybeans are 
discussed. 
MILK 
51. WILKENS (Walter F) and LIN (Fang M). Gas chromato-
graphic and mass.spectral analysis of soyabean milk 
volatiles. J Agr Food Chem. 18, 3; 1970, May - June; 
33-6. 
Gas chromatographic and mass spectral techniques 
were employed in the isolation and identification of 
the volatile components of whole fat soybean milk. 
Forty-one compounds were positively identified and an 
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additional 13 compounds were tentatively identified. 
Hexanal was the major volatile component. Their 
precursors and the presence in other soyabean 
derivation are discussed. 
, VINEGERS 
52. KAHM (John H), NICKOL (Gordon B) and CONNER (Hubert 
A) . Identification of volatile components in 
vinegers by Gas-chromatography-Mass spectrometry 
J Agr Food Chem. 20, 2; 1972, march-April; 214-7. 
Sixty are compound were identified in six 
different concentrates prepared by neutralizing 
vinegars with magnesium oxide and extracting with 
ether-pentance. The compounds includes 16 ester, 11 
clcohols, 11 halogenated compounds, 8 hydrocarbons, 
7 carbonycs, and 5 others and acetald chromato-
gram are presented of extracts of distilled and 
cider vinegars produced by the trickling and 
submerged culture processes, respectively. 
Differences in volatile compound were found. 
, ,compared with MICRO COULOMETRIC, 
PESTICIDE 
53. BURKE (J) and HOLSWADE (W). Gas chromatography with 
microcoulometric detector for pesticide residue 
analysis. J Agri Food Chem. 47; 1964; 845-59. 
The procedure is described is specific for el , 
Br. I. and S. The column must be prepared and 
conditioned with care, plant and animal extractives 
removed from the sample, the anodes replated 
periodically and electrolyte for the S dector renewed 
frequently. Relative retention times for 113 
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pesticides chemical are tabulated. Results are 
linear above about 0.5 ug of pesticides. Max. 
sensitivity is about 0.01 pp.m. 
NUCLEAR-MAGNETIC RESONANCE 
TRIMETHYLSILYL 
54. KRESZE (G), DEDERKE (K) and SCHAUEFELHUT (F). 
Analysis of mono-, and di-glyceride mixtures using 
gas chromatography and nuclear magnetic resonance. 
Z Anal Chem. 209; 1965; 329-37. 
The triraethylsilyl deriv. of mono- and di-
glycerides were prepared. The MWR spectra show 
characteristic differences for isomeric compounds. 
, , , SUPER CRITICAL FLUID, COLUMN, 
OPEN-TABULAR 
55. TONG (Daixin), BARTLE (Keith D), CLIFFORD (Anthony A) 
and ROBINSON (Robert E). Unified gas and super-
critical fluid chromatography on 50 rm i.d. 
columns. J High Resolut Chromatoor. 15, 8; 1992; 
505-9. 
A verified approach to sequential gas and super-
critical fluid chromatogor. (GC-SFC) using 50 um i.d, 
open tabular columns is described. Sample 
introduction is performed by means of a rotary 
injection valve. A second rotary valve in the 
chromatogr. oren is used to direct the flow of 
column eluate to the flame ionization detector 
through either fused silica tubing in GC, or a frit 
restrictor in SFC. This way linear velocities can be 
optimized independently. Application of sequential 
GC-SFC on a 50 um i.d. open tuberlar column are 
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demonctrated and comparisons made between 
requential GC-SFC on 50 and 100 urn i.d. columns. 
, , ULTRA VIOLET IRRADIATION, POLY-
CHLORINATED BIPHENYL 
56. HANNAN (EJ) BILLS (DD) and HERRING (JL). Analysis of 
Polychlorinated Biphenyl by Gas Chromatography and 
Ultraviolet Irradiation. J Agri Food Chem. 21, 1; 
1973,-January-February; 87-90. 
An UV irradiation method developed to aid in the 
identification of chlorinated insecticides was 
applied to a commercial mixture of polychlorinated 
biphenyls. (PCO) following gas chromatographic 
seperation each PCB peak was trapped, irradiated and 
rechromatographed. In most cases, the degradation 
pattern of PCB peak differed from degradation 
pattern of the insecticide having the same retention 
time. A mixture of the chlorinated insecticides and 
PCB's was trappled, irradiated, and rechromatographed 
to note any interferences or changes which might 
occur when both are present together. Samples of 
herring and salmon oil were analysed by this method. 
SPECTROSCOPY, HEXACHLOROPEN-
TADIENE 
57. LECHNER (L) and SOMOGYI (A). Detection and deter-
mination of chlorinated derivatives of 
cyclo-pentadiene using gas-chromatography and 
ultraviolet spectrophotometry. Talenta. 11; 1964; 
987-92. 
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A gas chromatographic and u.v. specrophotometric 
method was developed for the detection and quant. 
determination of hexachloropentadiene in the presence 
of chlorinated deriv of cyclopentadiene. 
, , CYCLOPHOSPHA MIDE 
58. JACKSON (Charlie, Jr) and REYNOLDS (Paul J). Gas 
chromatographic determination of cyclophorphamide 
residues in sheep tissues. J Agr Food Chem. 20, 5; 
1972, Sept - Oct ; 972-4. 
Tissues samples were extracted with methanol, 
cleaned up by isooctane and hexane extractions and 
florsil chromatography, and gas chromatographed on 11 
versamid on 100/200 mesh chrom 8 using a phosphorus-
sensitive detector. Muscle tissue samples fortified 
to contain 0.100 to 0.100 ppm of cyclophorphamide 
2-[bis(2-chloroethyl)-amino] tetra hydro-24-1.3,2-
oxazaphosphorine 2-oxide gave recoveries of 97 to 
1107o. Liker samples gave recoveries of about 607o. 
,DASNIT 
59. WILLIAMS (Ian H), KORE (Ranjit) and FINLAYSON 
(Douglas G). Determination of residues of Dasanit 
and three metabolites by Gas chromatography with 
flame photometric detection. J Agr Food Cher.. 19, 3; 
1971, May-June; 456-8. 
Dasnit 0, 0-diethyl 0-[p-(methylsulfinyl ]-
phosphorothioate and three metabolites were 
extracted from plant material, seperated by liquid 
chromatography on silica gel column, and determined 
by gas chromatography on a 76-cm, 3% XE60 column. 
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A flame photometric detector in the phosphorus node 
was used. The response was such that Dasanit oxygen 
analog sulphone, the least sensitive of the four 
compounds, could be determined at the 0.01 ppm level. 
, , D-D 
60. KARASZ (Albert B) and GANTENBEIN (Walter M) . Gas 
chromatographic determination of D-D (cis-and trans-1, 
3-dichloro-l-propene and 1,2-dichloropropane) in 
potatoes. J Agr Food chem. 19, 6; 1971, Nov - Dec ; 
1270-1. 
In a clean up procedure, concentration of D-D 
from the acetone-hexane eluate from the silica gel 
column is effected by the addition of sodium 
bisulfite solution. Acetone complexes with insulfite 
and the small volume of hexane seperating out 
contains the D-D and is suitable for gas-liquid 
chromatography. This method of concentration of 
highly volatile D-D avoid the losses associated with 
evaporative concentration. Ten samples of potatoes 
grown in soils variously treated with D-D were 
analysed and no residues were found by the method 
described. 
, D-048 
61. DEVINE (James M) . Determination of D-048 
[1-(2-Butynyl)-1-(p-tert-butylphenoxy)-2-butyl 
sulfite] in cotton seed. J Agr Food Chem. 21, 1; 
1973, January-February; 98-9 
A gas chromatographic method is described for 
the determination of D-048 residues in cottonseed, 
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cottonseed meal, and cottonseed oil. After extrac-
tion and clean up by acetonitrile partition and 
Florisil column chromatography, D-048 is identified 
using a flame photometric detector in a sulfur mode. 
Recovery of D-048 averaged 91 -t 9% from the various 
cottonseed samples fortified at levels ranging from 
0.1 to 1.0 ppm. 
,DIELDRIN and ENDRIN 
62. WOODMAN (DW), LOFTIS (CD) and COLLIER (CW). Identifi-
cation of the Gas chromatographic dieldrin and endrin 
peaks by chemical conversion. J Agr Food Chem. 20, 
1; 1972, Jan - Feb ; 163-5. 
A simple and rapid method is described for the 
simultaneous confirmation of dieldrin and endrin 
residues in soil, sediment, water, corngrain, 
cornstacks, and soyabeans. This technique employs a 
one-step sample treatment with lOZ borontrichloside 
in 2-chloreethanol for the conversion of dieldrin and 
endrin into their corresponding derivatives. The 
conversion require 2 hr and 10 min reaction times, 
respectively and parent residues can be confirmed at 
the 0.01 - ppm level. This method employed in the 
pesticides monitoring program on various types of 
samples and was been very helpful in identifying 
these pesticides when suspected. 
, ,DURSBAN 
63. HUNT (LM), GILBERT (BN) and SCHLINKE (JC). Rapid gas 
chromatographic method for analysis of 0, 0-Diethyl 
0-3, 5-6- Trichloro-2-Pyridyl phosphorothioate 
(Dursban) in Turkey and Chicken tissues. j Agr Food 
Chem. 17, 6; 1969, Nov - Dec ; 1166-7. 
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A rapid gas chromatographic method in which the 
residues of Dursban insecticide are extracted with 
petroleums other and aliqvots analysed without prior 
clean up by gas chromatography using a non-polar 
column and high temperature electron-capture 
detector. Residues as low as 0.05 ppm can be 
detected. Recoveries were 72 to 997o. 
, ,ELECTRON CAPTURE, ALDRIN ARTIFACT 
64. DEARSON (JR), ALDRICH (FD) and STONE (AW). Identi-
fication of the aldrin artifact. J Agr Food chem. 
15, 5; 1967, Sept - Oct ; 938-9. 
Electron capture gas chromatography is not 
specific for organochlorine pesticides. A material 
which behaves like avrin when chromatographed on a 
DC-200 column or QF-I-DC-200 mixed column has been 
found in reagents and soil samples and identified by 
x-ray emission spectroscopy as elemental sulfur. 
Suggestions for its removal from reagents and the 
handling of samples containing it are included. 
, CARBARYL 
65. TILDEN (RL) and MIDDELEM (CH Van), determination of 
Carbaryl as an amide derivative by electron-capture 
Gas chromatography. J Agr Food Chem. 18, 1; 1970, 
Jan - Feb ; 154-8. 
A number of derivatives of N-methyl and N, 
N-dimethylcarbamate insecticides were synthesized 
and evaluate as to their potential electron capturing 
properties in a gas chromatograph. One of the most 
promising derivatives, A-bromo-N-methylbenzacide, 
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was used to quantitate, by electron capture gas 
chromatography, carbaryl resides extracted from 
field-treated spinach and chicory. To verify the gas 
chromatographic results, all field samples were also 
analysed by the conventional colorimetric procedure. 
, , DIALLATE 
66. SMITH (Allan E). Estimation of S-2, 3-Dichloroallyl 
N, N-diisoprophylthiol carboraate (Diallate) residues 
in soils of electron-capture Gas chromatography. 
J Agr Food Chem. 17, 5; Sept - Oct ; 1052-53. 
A simple method is described for the gas 
chromatographic determination of diallate residues in 
soils using an electron-capture detector. Recoveries 
of 86 to 977o are obtained from clay and loan soils 
treated at the 0.5 to 5.0 pp.m level. 
, , ,DIFOLATAN 
67. KILGORE (Wendell W) and WHITE (Eare R). Determina-
tion of difolatan residues in fruits by electron gas 
chromatography. J Agr. Food Chem. 15, 6; 1967, 
Nov - Dec ; 118-20, 
A procedure for the extraction and determination 
of difolatan residues on fruits is presented. The 
residues are extracted with benzene and analysed by 
electron-capture has chromatography. Clean up of the 
extracts is necessary only when a high degree of 
sensitivity is required. The technique is applicable 
to a variety of stone fruits, and as low as 0.01 
p.p.m of residue can be detected. Recoveries are 
about 93%. 
83 
, , , ESTERS 
68. PURSLEY (PL) and SCHALL (ED). Gas chromatographic 
determination of 2, 4-D and 2,4, 5-T and their 
derivatives in commercial formulation. J Ass Off Agr 
Chem. 48; 1965; 327-33. 
Gas chromatography, with electron capture 
detection, is used to identify esters of 2, 4-D and 
to determine, 2, 4-D, and 2,4, 5-T as their trans-
methyl esters, prepared by reaction with Bel 3 in 
Methanol. The method is highly specific, and 
contamination with other isomers of dichloro-
phenoxyacetic acid can be detected. 
69. ZIELINSKI (Walter L.Jr) and FISHBEIN (lawrence). Gas 
chromatographic measurement of disappearance rates of 
2, 4-D and 2,4, 5-T acids and 2,4-D esters in mice. 
J Agr Food Chem. 15, 5; 1967, Sept - Oct ; 341-4. 
The rates of disappearance of 2, 4-D and 2,4,5-T 
acids and 2,4-D buty and isoctyl esters were followed 
by electron-capture gas chromatographic analysis of 
extracts from whole mice. The data revealed the 
disappearance of esters was more rapid than the free 
acids, with the butyl ester rate greater thar. octyl 
ester. 
EPN 
70. KIRKLAND (JJ) and PEASE (HL). Determinarion of 
ethyl-P-nitrophenyl thionobenzene phosphonaie (EPN) 
residues of electron - capture gas chromatography. 
J Agr Food Chem. 15, 1; 1967, Jan - Feb ; 187-91. 
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An electron-capture has chromatographic 
procedure has been deviced for the determination of 
ethyl-p-nitrophenyl thionobenzene phosphonate (EPN) 
resides as a variety of the plant tissues. A simple 
isolation procedure of surface residues produces an 
extracts which can be directly chromatographed 
without clean up. Excellent recoveries were obtained 
throughout a range of 0.02 to 2.1 p.p.m of EPN added 
to a number of different crops. 
, , ;FENAC 
71. BEALL (ML), WOOLSOM (EA), SHEETS (TJ) and HARRIS 
(CI). Extraction, clean up, and electron-capture gas 
chromatographic analysis of fenac residues in soils. 
J Agr Food Chem. 15, 2; 1967. Mar - Apr ; 208-12. 
Two methods for the extraction of fenac from 
soils are described. In both methods (soxhlet and 
shake-flask), soil samples were adjusted to pH 2,0 
with HCL then extracted with a mixture of benzene and 
methyl ethyl ketone. Prior to electron-capture gas 
chromatographic analysis, the crude extracts were 
cleaned up by partitioning fenac between eclA and 
H20 through pH adjustment. After clean up, extracted 
fenac was esterif ied with BCL3 and methanol. The 
shake-flask extraction method gave recoveries 
averaging 95% of the amount applied (0.5 to 8.0 
p.p.m) from six soils. The soxnlet method gave 
poorer recoveries, particularly from five textured 
soils. 
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,INSECTICIDES, CHLORINATED 
72. LANGLOIS (BE), STEMP (AR) and LISKA (BJ). Rapid 
clean-up of diary products for analysis of 
chlorinated insecticide residue by electron-capture 
gas chromatography. J Agr. Food Chem. 12; 1964; 
243-5. 
A technique is described for seperating 
chlorinated insecticide residues from dairy products 
containing butter fat by absorbing the sample on to 
activated Florisil and eluting with a 207= solution of 
methylene chloride in light petroleum. Excellent 
recoveries are obtained. 
,LANDRIN 
73. LAU (SO and MARXMILLER (RL). Residue determination 
of Landrin insecticide by trifluoroacetylation and 
electroncapture gas chromatography. J Agr Food Chem. 
98, 3; 1970, May-June; 413 - 5. 
A gas electron-capture method has been developed 
to measure nanograin amounts of landrin insecticide 
and related carbonates after their reaction with 
trifluoro acetic anhydride. Concentration of landrin 
as low as 0.02 p.p.m. in corn can be measured by 
this simple procedure. 
, , ,METHYL-or-DIMETHYL CARBAMATES 
74. HOLDEN (Edward R), JONES (Willian M) and BEROZA 
(Morton). Determination of residues of methyl - and 
dimethyl carbonate insecticides by gas chromato-
graphy of their 2, 4-dinitroaniline derivatives. 
J Agr Food Chem. 17, 1; 1969, Jan - Feb ; 56-9. 
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A procature was developed for determining 
residues a methyl - or dimethyl carbomates in plant 
materials. The ichloromethane extract of crop is 
subjected to a coagulation step, carbamates are 
hydrolyzed with alkali, and the liberated amines are 
reacted with l-fluoro-2, A-dinitroben:rene to form 
dinitroaniline derivatives that are determined by 
electron - capture gas chromatography. Derivatives 
formation is essentially quantitive. Recoveries were 
90 to 100%. 
, ,_ ,PARATHION 
75. VOKOVICH (Robert A), TRIOLO (Anthony J) and COON 
(Julius M). Rapid method for detection of parathion 
in plasma by electron-capture gas chromatography 
without prior clean up. J Agr Food Chem. 17, 6; 
1969, Nov - Dec ; 1190-91. 
A rapid sensitive method was developed for the 
detection of the organophosphate insecticide, 
parathion (0,0 - diethyl 0-p-nitrophenyl-phosphoro-
thioate) in mouse plama. The insecticide is 
extraced from acidified plasma with n-hexane and 
quantitatively measured by means of electron capture 
gas chromatography, with methyl parathion as an 
internal standard. Average recovery was 93.47o. 
, , , PENTACHLOROPHENOL 
76. STARK (Ake). Analysis of pentachlorophenol residues 
in soil, water and fish. J Agr Food Chem. 17, 4; 
1969, July - August; 871-3. 
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Pentachlorophenol (PCP) is extracted from soil 
and fish with O.I.M. potassium hydroxide. After 
adjusting the pH to below 7, the PCP is extracted 
with toluene, methylated and diazomethane, and 
analysed by electron-capture gas chromatography. As 
little as 0.5 ppb of PCP can be detected in Noil or 
fish. In 1 liter of water it is possible to 
determine 0.01 p.p.b. Recovery to added PCP is in 
the range of 80 to lOOZ. 
, , ,TERRACLOR 
77. METHRATTA (Jhomas P), MONTAGNA (Ruth W) and GRIFFITH 
(William P). Determination of terraclor in crops and 
soil by electron-capture gas chromatography. J Agr 
Food Chem. 15, 4; 1967; July - Aug ; 648-50. 
An electron capture gas chromatographic 
procedure is used to determine trace amounts of 
Terrachor in celery, flax seed, lettuce, peanuts, 
peanut way, peanut shells, potatoes, radishes, 
strawberries, and soil. The sample are extracted 
with hexane and the Terractor in the extract is 
determined using a gas chromatograph with an 
electron-capture detector, after removing most of the 
interferences via a silicic acid column. The method 
has been used to analyse several aliquots of 
different samples portified with varying amounts of 
terractor in the range of 0.010 to 0.270 ppm. 
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, EL-CAP, TRIALLATE 
78. McKONE (CE) and HANCE (RJ). Estimation of S-2, 3, 
3-Trichloroallyl M, N-Diisoprophylthiol carbamate 
(Triallate) residues in soil, Barley, straw and grain 
by electron-capture gas chromatography. J Agr Food 
Chem. 15, 5; 1967, Sept - Oct ; 935-7. 
In this method samples are cold-extracted with 
a mixture of 2,2,4-trimethylpentane and isopropyl 
alcohol, after which the extract is shaken with water 
and the aqueous phase discarded. With soil extracts, 
aliquots of the 2,2,4-trimethylpentane layer are 
injected directly, but straw and grain extracts 
require further clean up with neclear attaclay. 
Recoveries are 9Q7o. 
, ENDOTHALL 
79. SIKKA (Harish C) and RICE (Clifford P). Persistence 
of endothall in aquatic environment as determined by 
Gas-Liquid chromatography. J Agr Food Che-. 21, 5; 
1973, Sept - Oct; 842-5. 
A gas chromatographic method was used to 
determine the residue of endothall in both the water 
and hydrosoil of a farm pond and of laboratory 
aquaria. The bulk of endowall added to the aquaria 
remained in the water during the course of the 
experiment. Both in pond and in the aquaria, the 
herbicide persisted in the hydrosoil for a longer 
period than in water. 
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, ,ERBON 
80. WRIGHT (Fred C), RINER (Jayme C) and GILBERT (Bennye 
M). Gas chromatographic determination of Erbon and 
two metabolites in biological materials. J Agr Food 
Chem. 17, 6; 1969, Nov - Dec ; 1171-3. 
Gas chromatographic methods for determining 
erbon and two metabolites in blood, urine, feces, and 
tissues are presented. Average recoveries of about 
777o were obtained from tissues fortified with known 
amounts of erbon. Recoveries from samples fortified 
with 2,4,5-trichlorophenol averaged 41% for blood, 
777o for urine and about 4l7o for feces and tissues. 
ESTERS 
81. EBING (W) and HENKEL (HG). Gas chromatographic 
seperation and determination of closely related 
active herbicides of the phenoxyalk anecarboxylic 
ester type. J Gas Chromatogr. 2; 1964, 207-14 
A method is described in which column packed 
with versanid 900 are used to seperate mixtures of 
esters, so similar structurally that identification 
of i.r. spectrometry is impossible with these 
columns herbicides mixtures are analysed directly 
with Katharometer and flame ionization detection and 
soil residues with flames ionization detection. The 
time required for three determinations is 35-50 min. 
82. WOODHAM (Donald W), MITCHELL (William G), LOFTIS 
(Camella) and COLLIER (carroll W). An improved gas 
chromatographic method for the analysis of 2,4-D free 
acid in soil. J Agr Food Chem. 19, 1; 1971, Jan -
Feb; 186-8. 
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The method involves a diethyl other extraction 
of acidified soil, an alkali wash to remove 
interfering substances and an improved esterification 
procedure using a 10% BCL3 in 2-chloroethanol 
reagent. This method is subject to less inter-
ference and has equal or greater sensitivity man the 
methyl ester. Information is also given for the 
esterification of other acid type herbicides. 
, _,ETHERS, DIAZAPOLYOXY ETHYLENE 
83. VOELKEL (Adam) and SZYMANOWSKI (Jan). Measurement of 
the polarity of alkyl derivatives of diazapolyoxy 
ethylene ethers by gas chromatography. J Chromatgr. 
454; 1988, Nov ; 51-63. 
The polarity of alkyl derivatives of diaza-
polyoxyethylene determined by gas chromatography was 
investigated. The influence of the structure of 
isomeric compounds on their polarity is discussed. 
It was found that the polarity depends on the lengths 
of the alkyl and polyoxyethylene chains, on the 
distribution of carbon atoms in alkyl group linked 
with the nitrogen and oxygen atoms and the 
distribution of oxyethylene groups. 
, ,FOOD-FLAVOUR 
84. BURR (HK). Gas chromatography in flavour research: 
its uses and limitation. Food Technol. 18, 12; 
1964; 60-2. 
In this review 'flavour' is used in the 
restricted sense, i.e. the quantity which affects 
smell, odour, fragrace, but which does not not 
inlcude taste. Flavour compounds are biologically 
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active compounds. Gas chromatography is an excellent 
tool for seperating volatile constituents (1) of 
foods, but not for identification of the I or for 
contribution of individual compounds to flavour. 
,4-AMIN0-3,5,6-TRICHLOROPICOLINIE 
85. BJERKE (EL), KUTSCHINSKI (AH) and RAMSEY (JC). 
Determination of residues of 4-amino - 3,5,6-
trichloropicolinie acid in cereal grains by gas 
chromatography. J Agr Food Chem. 15, 3; 1967, May-
June; 469-73. 
In this method samples are extracted with aqueous 
KOH, and clean up is accomplishment with an alumina 
column followed by KMNO, oxidation. The acid is 
esterified with diazomethane, and residues as low 
as 0.05 p.p.m are determined by gas chromatography 
as the methyl ester using a LAC - 446/H3P04 columns 
and electron capture detection. Recoveries were 747o 
from straq and 867o from grain. samples of wheat and 
barley treated with the acid at rates from 0.2 to 1 
ounce per acre were analysed. 
, FRUIT-FLAVOURS. 
86. RHOADES (JW) and MILLAR (JD). Gas chromatographic 
method for comparative analysis of fruit flavours. 
J Agr Food Chem. 13; 1965; 5-9. 
An assemblage is described in which the volatile 
matter is shipped from fruits (50-g samples) by a 
current of moist inert gas at temp. >40° under 
reduced pressure, and condensed in U-tubes the first 
of which is cooled by ice-water and the second by 
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liquid N2. The necessity for solvent evaporation is 
avoided. An F & M model 500 chromatograph is used 
with carbowax 20M (3%) on chromosorb B as stationary 
phase; the operation is temp, -programmed from 50 to 
140° so that compounds of high and low volatility 
can be measured together. Min. detectable amounts 
are 0.005 p.p.m. 
, ,HOPS 
87. LIKENS (San T) and NICKERSON (Gail B). Identification 
of hop varieties by gas chromatographic analysis of 
their essential oils: constancy of oil composition 
under various environmental influences. J Agr Food 
Chem. 15, 3; 1967, May - June ; 525-30.-
The essential oil of several varieties of hops 
displayed good varietal uniformity of composition 
under the following environmental condition: annual 
climatic conditions, climates and soils of widely 
different growing areas within the United States, 
abnormal ranges of nitrogen and phosphorus fertility 
over various moisture levels, developments of the 
plant over a 4 year period (hops and perennial), 
maturity of the crop over a 21-day harvest period, 
while hosting any of several viruses, though 
processing, and during storage. 
,INFRARED SPECTRA 
88. LOW (MJD). Infrared fou<ier transform spectoscopy in 
flavor analysis IV. Spectra of gas chromatography 
fractions. J Agr. Food Chem. 19, 6; 1971, Nov - Dec; 
1124-7. 
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Infrared spectra of gas chromatography fractions 
were recorded using a modified Digilab, Inc. Model 
FTS-14 Fousier transform spectrometer. The sampling 
was carried out by means of a modified Wilks 
Scientific vapor phase gc-ir analyser fitted with a 
carrier gas eliminau 1 samples. 
, , INJECTION 
89. KAUFMAN (AE) and POLYMEROPOULOS (CE). Study of the 
injection process in a gas chromatograph split 
injection port. J Chromatogr. 454; 1988, Nov ; 23-36. 
Pressure and temperature variations which occurs 
during an injection in a gas chromatograph split 
injection port were measured for different sample 
sizes, injection port temperatures, solvents, 
injection port inserts, and split flow rates. A 
control volume analysis of the injection process 
was developed to predict the pressure, temperature 
and split the ratio variations during and after the 
injections. Comparison of predicted pressure and 
temperature results with the experimental 
measurements was satisfactory. 
, , INSECTICIDES, DITHIOLANE 
90. FRIEDRICH (K) and STAMMBACH (K). Gas chromatographic 
determination of residues of the dithiolane 
insecticides in cottonseed and on cotton foilage, 
J Chromatogr. 16, 1964; 22-8. 
A chromatographic method for the determination 
of small V.P. is described in detail. The method 
does not require an absolutely purse sample, and 
94 
the V.P. of several substances can be determined 
simultaneously. V.P. and v.p. constants are 
presented for 10 substituted symmetrical triazines, 
important as herbicides, over the temp. range 
50-130°, and extra-polated values at 20° are also 
given. 
,ORGANOCHLORIDE 
91. OTT (DE) and GUNTHER (FA). Forced volatilization 
clean up of butterfat for gas chromatographic 
evaluation of organochlorine insecticide residues. 
J Agr Food Chem. 12; 1964; 239-243. 
An apparatus is described in which organo-
chlorine insecticides residues are flushed from the 
hot butter fat, at 190°, with a stream of N2 to be 
trapped in a cold trap together with the more 
volatile butter components. The trapped distillate 
may be analysed by micro-coulometric gas analysis. 
The method responds to 0.5 p.p.m of seven common 
chloroinsecticides in a 2-g sample. 
, MALATHION 
92. KADOUM (AM). Extraction and clean up method to 
determine malathion and its hydrolytic products in 
stored grains by gas chromatography. J Agr Food 
Chem. 17,6; 1969, Nov - Dec ; 1179-80. 
The acidified acetone extraction, clean up, and 
the gas chromatographic procedures described in the 
paper are satisfactory for routinely analyzing 
samples containing malathion, malathion half ester, 
and malathion dicarboxylic acid. The acids are 
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quantitatively converted to their methyl esters by 
keaction with BF3-methanol 0-demethyl derivate of 
calathion apparently cannot be esterified by BF3-
irethanol, and incompleteesterif ication was obtained 
using diazomethane. This method is held in the 
presence of waxes and pigments of the grain, sorghum, 
corn, and wheat. 
, ,METALDEHYDES 
93, SELIM (Sami) and SEIBER (James N). Gas chromatogra-
phic method for the analysis of metaldehyde in crop 
tissue. J Agr Food Chem. 21, 3; 1973, May-June; 
430-33. 
The method is described for the analysis of 
residues of the molluscicide metaldehyde in crop 
tissue. After exhaction with benzene and clean up 
on Florisil, metaldehyde was converted to 
acetaldehyde, which was determined as its 2, 
4-dinitrophenythydrazone derivative using alkali-
flame ionization gas chromatography Acet Aldehyde as 
well as other aldehydes and ketones may be determined 
seperately by the same derivatization procedure 
through analysis of sodium bisulfite extract of the 
benzene solution. 
METHODOLOGY 
94. BlUMENTHAL (Michael M) and CHANG (Stephen S). A 
r.ethod for obtaining reproducible quantitative gas 
chromatograms of volatiles isolated from foods. 
Jr Agr Food Chem. 21, 6; 1973, Nov - Dec ; 1123-6. 
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Statistical interpretation of the gas chromato-
graphic data obtained from volatile flavour 
compounds isolated from food requires reproducible 
gas chromatograms. Injection of volatiles isolated 
from frying oils into a high sensitivity gas chroma-
tograph yieldedsimilar but quantitatively different 
gas chromatograms in consective injection. It was 
found that after the gas chromatographic column has 
been saturated with the volatiles by repeated 
injections, quantitative as well as quantitatively 
reproducible gas chromatograms can be obtained. 
,METHYLAMINES 
95. MILLER (ALEXANDER, III), SCAM LAM (Richard A). LEE 
(Jong S) and LIBBEY (Leonard M) , Quantitative and 
selective gas chromatographic analysis of Dimethyl-
and Trimethylamine in Fish. J Agric Food Chem. 20, 3; 
1972, May - June ; 709-11. 
The selective gas chromatographic seperation of 
methyl amines was accomplished using columns 
containing Graphon and tetraethylene pentamine with 
an alkali flame ionization detector (AFID). 
Trimethylamine (TMA, 10 ppm) and dimethyl amine (DMA, 
50 ppm) added to fish were easily detected by 
equilibrium vapor analysis. Greater sensitivity (25 
ppb TMA and 10 ppb DMA) was obtained by using AFID 
in conjunction with a gas entrainment, on column 
trapping procedure. 
,METHYLCARBAMATES 
96. SEIBER (james N). N-perfluoroacyl derivatives for 
methylcarbamates analysis by Gas chromatography. 
J Agr Food Chem. 20, 2; 1972, March - April; 443-6. 
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Methylacarbamates insecticides react rapidly and 
quantitatively with trifluoroacetic (TFA), penta-
fluoro propionic (PFP), and heptafluorobutyric (HFB) 
anhydrides to give N-perfluoroacylated derivatives. 
Unlike many of the parent methylcarbamates, the 
derivatives are stable to gas chromatographic 
condition and detected at low levels by the electron-
capture and alkali-flame ionization detectors. The 
infrared ncr, and mass spectral properties of the 
compounds are characteristics and permit ready 
qualitative identification. 
, ,METHYL ESTERS 
97. JAMIESON (George R) and RIED (Elizabeth H). Analysis 
of oils and fats by Gas chromatography. J Chromato-
graph. 17; 1965; 230-7. 
Three transesterification methods and three 
saponification and esterification method for 
preparing the methyl esters of the fatty acids in 
oils were stdied, and the gas chromatographic 
procedures were used for seperating and determina-
tion the methyl esters. All six methods are 
satisfactory for the analysis of major acids if 
precautions are taken to avoid the loss of the 
compounds of lower mol. wt. , but there are 
significant differences in the results for the minor 
constituents. 
, , MONOTERPENE 
98. BULL (DL), STOKES (Richard A), HARDEE (DD) and 
GUELDNER (RC). Gas chromatographic determination of 
the components of synthetic bou weevil sex pheromone 
(Grandluse). J Agr Food Chem. 19, 1; 1971, Jan - Feb; 
202-3. 
98 
A gas chromatographic procedure was developed 
by which the four monoterpene components in a 
synthetic preparation of the sex pheromone of the 
boll weevil (Anthonomus grandis Boheman) could be 
analysed with a single injection. The compounds were 
detected by hydrogen flame ionization after 
chromatography on a column loaded with 107o fluoro-
silicone (QF-1). 
, N-METHYL CARBAMATES 
99. MOYE (HA). Reaction Gas chromatographic analysis of 
pesticides. I. on column transesterification of 
N-methylcarbamates by methanol. J Agr Food Chem. 
19, 3; 1971, May-June ; 452-5. 
A method is described for the on-column trans-
esterif ication of N-methylcarbamates pesticides to 
methyl N-methylcarbamate, chromatography on Porapak 
P, and detection by RB2S04 pellet alkali flame 
ionization detector. Reproducible high yields were 
obtained for transesterification with methanol. 
Distinguishing gas chromatographic peaks were also 
obtained when an N-methyl carbamates pesticide was 
injected in ethanol. I-propanol, and n-butanol. 
, NC-2983 
;LOO. ERCEGOVICH (charles D) , WITKONTOl^ (Sujit) and STEEN 
(Kathryn B). Improved gas chromatographic method for 
the analysis of 5, 6-Dichloro-2-trifluoromethyl 
benzimidazole in soil. J Agr Food Chem. 20, 3; 1972, 
May - June ; 734-6. 
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An improved method was developed for the 
extraction of 5, 6-dichloro-2-tri fluoromethyl 
benezimidazole (NC-2983) from soil. This chemical is 
a major degradation product in the soil of the 
acaricide fenazalflor, 5-6-dichloro-l-phenoxy-
carbonyl-2-trifluoromethyl benzimidazole (lovozal). 
NC-2983 was extracted 'with a mixture of methylene 
chloride and isopropyl alcohol. Interfering soil 
materials were removed by means of alkaline saline 
washing of the organic phase. Electron capture gas 
chromatography employing a 3% ov-17 column was used 
to determined the quantity of NC - 2983 in the final 
sample preparations. 
, , ORANGE FLAVOURS 
101. WOLFORD (RW) and ATTAWAY (JA). Analysis of recovered 
natural orange flavor enhancement materials using 
gas chromatography. J Agr Food Chem. 15,3; 1967, 
May-June; 369-77. 
New information is presented concerning the 
chemistry of flavor relative to the processing of 
orange juices. Capillary column flame ionization 
(FI) and decal channel FI and electron-capture (EC) 
detection systems with programmed temperature gas 
chromatography (PTGC) were used. 
,ORGANIC POLLUTENTS 
102. RAMANATHAN (PS). Application of gas chromatography 
for environmental pollution studies. II. volatile 
organic pollutants and tracer substances in air. 
Indian J envir Prot, J envir Prot. 2,1; 1982; 23-42. 
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The application of gas chromatography for 
monitoring the levels of volatile organic pollutents 
and the tracer substances in air are discussed. 
, ORGANOCHLORINE 
103. SU (George CO and PRICE (Harold A). Element 
specific gas chromatographic analyses of organo-
chlorine pesticides in the presence of PCB's by 
selective cancellation of interfering peaks. J Agr 
Food Chem. 21, 6; 1973, Nov - Dec ; 1099-102. 
Polychllrinated biphenyl interference-free 
qualitative and quantitative gas chromatographic (gc) 
analyses of B-BHC, oxychlordane, heptachlor epoxide, 
p, p'-DDE, o,p'-DDD, p,p'-DDT, and mi rex in the 
10-25 ng range have been carried out in the presence 
of approx 10 to 20 times their concentrations of 
Aroclors 1232, 1248, 1254 and 1260 by the use of the 
coulson electrolytic conductivity detector in the 
non-catalytic reductive mode. The results on 
individual analyses in most instances were with in 
+ 207o of the actual value. 
, ,ORGANO PHOSPHATES 
104. GIUFFRIDA (L) and IVES (F). Gas chromatographic 
techniques for the determination of organophosphate 
pesticide residues. J Ass. Off. Agric Chem. 47; 
1964; 112-6. 
Gas chromatography employing a Na thermionic 
detector and a flame ionization dector was used to 
study the efficiency of a clean-up procedure using 
0.1 p.p.m. of diazinon, molathion, parathion and 
Trithion could be detected in common foods. 
Recoveries were 75 - 1007c 
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105. MOYE (HA). Reaction Gas chromatographic analysis of 
pesticides. II. On column transesterification of 
organophosphates of methanol. J Agric Food Chem. 21, 
4; 1973, July - August; 621-5. 
A method is described for the on-column transes-
terification of four classes of organophosphate 
pesticides to the corresponding methyl esters, 
chromatography on Porapak P or Q, and detection by 
Rb2So4 pellet alkali flame ionization detector. 
Reproduciable conversion were obtained for transes-
terif ication with methanol. Distinguishing gas 
chromatographic peaks were also obtained when the 
organophosphates were injected in ethanol, 
l-propanol, and 1-butanol, chromatographic and 
detector conditions are given for the simultaneous 
analysis of a carbamate (Mobam) with the four 
classes of organophosphate pesticides. 
5 and PYRETHRIN SYNERGISTS 
106. BRUCE (WN). Detector cell for measuring picogram 
quantities of organophosphorus insecticides, 
pyrethrin synergists, and other compound by gas 
chromatography. J Agr Food Chem. 15, 1; 1967, Jan -
Feb ; 178-81. 
A detector cell was developed which shows 
unusual sensitivity to organophosphorus insecticides, 
pyrethrin synergists such as piperonyl butoxide and 
MGK-264, and other compounds, which are not easily 
detected by the electron capture cells used in gas 
chromatography. 
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,PHOSPHINE (AIR) 
107. DUMAS (Theo dore). Micro determination of phosphine 
in Air by gas chromatography. J Agr Food Chem. 17, 
6; 1969, Nov - Dec ; 1164-5. 
A gas chromatographic method was developed for 
the determination of phosphine in low concentrations 
(0.005 to 0.5 mg. per liter) in one minute, 
sampling in a range of 100 ul. to 1 ul. the detection 
limit was 0.0005 mg. per liter, for 250-ul. sample 
size. 
(SUGARCANE) 
108. ROBINSON (William H) and HILTON (H Wayne). Gas 
Chromatography of phosphine derived from zinc 
phosphide in sugarcame. J Agr Food chem. 19, 5; 
1971, Sept - Oct ; 875-8. 
The method was developed for the analysis of 
traces of PH3 from Zn3P2 in sugarcane. The PH3 
liberated by acid was absorbed in toluene and 
measured relative to reference standards. An average 
of 41.57o of the available PH3 reacted irreversibly, 
in the acid medium with chopped sugarcane. Grain 
bait containing Zn3P2 as a redenticide and applied 
by aircraft over sugarcane yield deposited less than 
17o of the total Zn3P2 in the leaf axils, rainfall was 
a major factor in reducing or eliminating residues. 
, ,PIPERONYL BUTOXIDE 
109. MILLER (WILLIAM K) and TWEET (Orlando). Determination 
of piperonyl butaoxide by gas chromatography. J Agr 
Food Chem. 15, 5; 1967, Sept - Oct; 931-4. 
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A gas chromatographic method has been developed 
for the determination of piperonyl butoxide in 
technical piperonyl butoxide. The sample is 
dissolved in a solvent containing a definite 
concentration of dioctyl penthalate as an internal 
standard, and the piperonyl butoxide is determined 
by relating the area of the piperonyl butoxide peak 
of that of dioctyl perthalate. 
, POLLUTANTS 
110. MANJIT SINGH and THOMAS (M). Analysis of effluent 
froir. amethyl acrylate plant by gas chromatography. 
Indian J Unviv 4th. 27, 4; 1985; 361-4. 
A gas chromatographic method has been developed 
for the analysis of pollutants such as methyl 
acrylate, acrilic acid, methanol and methyl methaoxy 
propionate present in small quantities in the 
effluent from a methyl acrylate plant. Initial 
attempts to concentrate the pollutants by methods 
such as solvent extraction and distillation were not 
successful. However the concentration of these 
pollutants could be determined accurately by gas 
chroratography by a proper combination of column, 
detector, temp, and carrier gas flow. 
, ORGANIC - VOLATILE 
111. RAMANATHAN (PS). Application of gas chromatography 
for environmental pollution studies. II. Volatile 
organic pollutants and tracer substances in air. 
Indian J enviv Prot. 2,1; 1982; 23-42. 
104 
The application of gas chromatography for 
monitoring the levels of volatile organic pollutants 
and tracer substances in air are discussed. 
,_ ,POLY DICHLORO ACETATE 
112. KADAM (AN) and GHATGE (BB). Gas chromatographic 
analysis on poly (ethylene glycol) dichloroacetate 
stationary phases. Indian J Technol. 22, 1; 1984; 
39-40. 
Enhancement in suitability of poly (ethylene 
glycol) -20 M liquid stationary phase has been 
studied by employing its acetate, monodi- and 
trichloroacetate derivatives in gas chromatography. 
The derivatives are selective towards chloro and 
hydroxy compounds and have some advantages over the 
preferred parent phase. 
> 
PYRIMETHAMINE 
113, GALA (Patricia C), TRENNER (Nelson R) , BUHS (Rudolf 
P), DOWNING (George V Jr), SMITH (Jack L) and 
VANDEMHEUVEL (William JA,III). Gas chromatographic 
determination of Pyrimethamine in tissue. J Agric 
Food Chem. 20, 2; 1972, March-April; 337-40. 
A procedure can be developed for the isolation 
and gas chromatographic determination of the 
coccidiostat pyrimethamine (2, 4-diamino -5-p-
chlorophenyl-6-ethyl pyrimidine) in tissue. Analysis 
can be accomplished with the sensitivity of 0.1 pp, 
through the employment of electron capture detection 
with an average recovery of 86 ± 207o. 
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, STARCH HYDROLYZATES 
114. BEADLE (JB). Gas chromatographic determination of 
starch hydrolyzate saccharide distribution through 
maltoheptaose. J Agr Food Chem. 17, 4; 1969, July -
August; 904-6. 
Through the use of short , lightly-loaded 
columns, the trimethylsilyl ethers of maltooligas-
asaccharides upto the octaose can be eluted. The 
procedure describes a method for analysing starch 
hydrolyzates through maltoheptaose with an accuracy 
equal to or better than that obtained by paper 
chromatography. Overall time including sample 
preparation is less than 1 hour. 
, , SUGARS 
115. MASON (Blanche S) and SLOVER (Hal T). A gas chromato-
graphic method for the determination of sugars in 
Foods. J Agr Food Chem. 19, 3; 1971, May - June; 
551-4. 
The sugar were extracted of conventional mean, 
then reacted with hydroxylamine hydrochloride to 
convert reducing sugars to their oximes. The 
mixture of non.reducing sgars and reducing sugar 
oximes was silylated to f orin THS ether which was 
quantitatively determined by gas chromatography on 
SF.20. A combine isothermal and programmed oven 
temperatures was used to seperate arabinose, ribose, 
fructise, galactose, glucose, sucrose, lactose, 
martose and raffinrose in a single chromatograms. 
Evaluations of linearity of response and recovery of 
standards added to bread were made, and responses to 
the internal standard inositol determined. 
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TRIAZINE HERBICIDES 
116. HENKEL (HG) and EBING (W). Gas chromatography of 
triazine herbicides . J Gas Chromatgr. 2; 1964; 
215-8. 
A method for the analysis of triazine herbicide 
residues in soil samples is described. A-2m column 
packed with 2.5% Versamid 900 on Diatoport 5 was used 
in conjugation with a flame ionization detector and 
the total analysis time was <2h. 
, ,TRICHLORFON 
117. DEVINE (James M) . Latermination of trichlorfon [0, 
0-dimethyl (2,2,2-Triculor-l-hydroxyethyl) 
phosphonatejin forest environmental samples. J Agr 
Food Chem. 21, 6; 1973, Nov - Dec; 1095-8. 
Trichlorfon residues were removed with 
chloroform. Animal extracts were processed through 
hexane-water and water-chloroform partition steps to 
remove lipid materials. Forest extracts were clean 
up with Nuchar C-190N activated carbon. Determined 
by gaschromatogric method with a gas chromatograph 
equipped with a flame photometric detector in the 
phosphorus mode. Recoveries from the various types 
of samples averaged 96%. 
5 TRIFLURALIN 
118. SMITH (Allan E). Persistence of trifluralin in 
small field plots as analysed by a rapid Gas 
chromatographic method. J Agric Food Chem. 20, 4; 
1972, July - August; 829-31. 
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A simple and rapid method is described for the 
gas chromatrographic determination of trifluralin 
residues in soils using an electroncapture detector. 
Recoveries of 80 to 997o are obtained from three soil 
types treated at the 0.1- to 1.0 ppm level. ' Small 
field plots 18x18 cm in size were treated with 
trifluralin at rates equivalent to 1.4 kg/ha at two 
location in Saskatchewan. After a 5 month growing 
reason. The residues remaining in the 0- to 5- and 
5- to 10- cm levels of soil were determined. 
Between 11 and 207o of applied herbicide was found in 
the top 5 cm of soil, while less than 20Z of the 
trifluralin was detected at the 5- to 10- cm levels. 
, , 2,4, 5-TRICHLOROPHENOXY ACETIC ACIDS and 
EASTERS 
119. CLARK (Donald E). Determination of 2,4,5-Trichloro-
phenoxy acetic acid and its propylene glycol ether 
esters in animal tissue, blood, and urine. J Agr Food 
Chem. 17, 6; 1969, Nov - Dec ; 1168-70. 
A gas chromatographic method for the determina-
tion of residues of 2.4, 5-trichlorophenoxy acetic 
acid and its propylene glycol butyl ether esters in 
tissues and fluids in described. Both compounds 
were converted to the methyl ester of 2, 4, 5-T and 
analysed by microcoulometric gas chromatographic 
using a column of 157c.. Dow 710 on chromport XXX. 
Average recoveries of 2, 4, 5.T added to fat, lean 
tissue, urine and blood at levels from 0.05 ppm to 20 
ppm were 89.3, 89.6, 93.0 and 93.6% respectively. 
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UREA 
120. KATZ (Stanley E) and STRUSZ (Richard F). Gas 
chromatographic separation of several urea Herbicides 
and their metabolites. J Agr Food Chem. 17, 6; 1969, 
Nov - Dec; 1409-11. 
A gas chromatographic p/rocedure for the 
separation of several substituted urea herbicides, 
their anilines, and other known or suspected 
metabolites was developed using a XE-60 as the 
liquid phase and the programmed mode of operation 
from 751o ^^ 230°C. The seperation are useful in 
following transformation of some of these compounds 
under various environmental conditions. 
121. MILLER (Paul W) . Determination of urea in animal 
tissue by gas chromatography. J Agric Food Chem. 19, 
5; 1971, Sept - Oct; 941-3. 
A new procedure that determine influoroacetyl 
urea. The samples are extracted with water, clean up 
by zinc hydroxide precipitation, and then followed 
by seperation by ether fractionation. In aliquot of 
the ether solution is men treated with trifluroacetic 
anhydride to give trifluoroacetylurea, which is gas 
chromatographed on a 4-ft x 2-mn 37= neopentyl glycol 
sebacate -2% phosphoric acid column with electron 
capture detection. The average recovery from 
selected biological material was 917<,. 
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VOLATILE (ANAPHALIS CONTORTA) 
122. SAXENA (VK) , SAHAI (A) and JAIN (AK). Gas chromati-
graphic examination of the volatile constituents of 
the leaves of Anaphalis contorta. Indian Perfumer, 
28, 3-4; 1984; 171-4. 
Composition of essential oil from leaves of 
anaphalis contorta has been examined by gas chroma-
tography. A contoria belongs to natural order 
compositae and occurs in Himalayas from 2000-3000M 
and in the temperate regions of India. The plant 
when taken before meals stimulate the appetite and 
administered to convalsascents for its reductive and 
tonic property. It was, therefore, through worth-
while to investigate the plant with a view to 
isolate, identity and esticate thevolatile 
components of its leaves. 
, , LIQUID, AGLYCONE 
123. KHALIFA (Safy) and MUMMA (Ralph D). Gas chromato-
graphic seperation of aglycone metabolites of 
carboryl. J Agr Food Chem. 20, 3: 1970, May-June; 
632-4. 
Trifluoroacetyl, neptaflurobutyryl, and chloro-
acetyl derivatives of carbaryl and various aglycone 
metabolites were prepared and analysed by gas-liquid 
chromatography 'glc). Derivatives of 1-napthol and 
various napthalenediols, resulting from basic 
hydrolysis of the aglycones, were also examined, 
including the chloromethyldi-ethylsilyl and 
trimethylsilyl derivatives. Trifluroacetyl and 
hegtafluorobutyryl derivatives of the carbonates 
aglycones were sufficiently ther-ally stable to be 
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analysed by gle. The trifluoroacetyl of carbonates 
were most desirable because of their ease of purifi-
cation, their short retention time and their high 
sensitivity to electron affinity detectors. Of the 
reagents evaluated, the chloromethyldimethylsilyl 
derivatives of the napthalenedoils gave the best 
seperation on glc. 
, ,LIQUID, ALCOHOL ISOPROPYL 
124. SMITH (Preston, Jr) and BROWN (Norman L). 
Determination of isopropyl alcohol in solid fish 
protein concentrate by gas-liquid chromatography. 
J Agr Food Chem. 17, 1; 1969, Jan - Feb; 34-7. 
A method for determination of isopropyl alcohol 
in fish protein concentrate (FPC) by gas-liquid 
chromatography consists of heating theFPC to 180°C 
in a closed tube for 20 minutes to release the 
isopropyl alchol abd men injecting the alchol 
directly into the system. The method is also 
applicable to the determination of similar volatile 
components in other solid materials. 
, , ,ALKYL PHOSPHATE 
125. SHAFIK (Talaat), BRADWAY (Diane E) , ENOS (Henry F) 
and YOBS (Anne R). Human exposure to organo 
phosphorus pesticides. A modified procedure for 
Gas-liquid chromatographic analysis of alkyl 
phosphate metabolites in urine, J Agr Food Chem. 21, 
4; 1973, July-August; 625-8. 
A modified method for use in a monitoring 
program designed to determine human exposure to 
organophisphate pesticides. Preparation of less 
Ill 
volatile ester derivative of the alkyl phosphate and 
selection of gas chromatographic columns and 
conditions which are more compatible with system 
used in a routine chlorinated hydro carbon pesticide 
sesidue programme. The average recovery of the six 
dialkyl phisphates from human urine fortified at the 
2.0 - ppm level was 98.37o 
, , ,AMINO ACIDS 
126. GEHRLE (Charles W), Zumwalt (Robert W) and KUO 
(Kenneth). Quantitative amino-acid analysis by gas-
liquid chromatography. J Agr Food Chem. 19, 4; 1971, 
July - August; 605-18. 
The quantitative amino-acid analysis of 
biological substances by gas-liquid chromatography 
has been clearly demonstrated with both the 
N-trifluoro acetyl n-butyl and TMS derivatives of the 
20 protein amino acids. Derivatization of amino 
acids to the n-butyl esters has been shortened, 
allowing direct formation in 15 min. A rapid method 
for the hydrolysis of protein was developed (145 C, 
4 hr) which compares favourably with the hidely 
accepted 110 C, 22-hr procedure chromatograms are 
presented showing 5 ng of each of 17 amino acid 
taken through the entire analytical procedure. The 
glc methods are sensitive, precise, rapid and 
accurate. 
, ASPERGILLUS PARASITICUS 
127. LEE (Louise S), CUCULLU (Alva F) and POND (Walter A, 
Jr). Gas-liquid chromatographic detection of 
actively metabolizing Aspergillus parasiticus in 
Peanut stocks. J Agr Food Chem. 21, 3; 1973, May-
June; 470-3. 
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A method incorporating air sweeping, trapping, 
and gas-liquid chromatography of headspace gas over 
the heated trapping agent was devised for detecting a 
major velatile metabolite elaborated by Aspergillus 
parasiticus culture on West peanuts. The metabolite 
was identified as acetone by mass spectral analysis. 
, , , CARBOHYDRATES 
128. SEQUEIRA (Robert M) and LEW (Robert B). The 
carbohydrate composition of Almind hulls. J Agr Food 
Chem. 18, 5; 1970, Sept - Oct; 950-1. 
Several carbohydrates, fructose, glucose, 
sucrose, sorbitol, and inositol present in almond 
hulls were identified and quantitated by gas-liquid 
chromatography. Methods employed to confirm the 
presence of these carbohydrates are discussed. 
,CHLORO-S-TRIAZINES 
129. YOUNG (Hong Y) and CHU (Ada). Microdetermination of 
chloro-s-triazines in soil by gas-liquid chromato-
graphy with Nickel Electron capture or Electrolytic 
conductivity detection. J Agr Food Chem. 21, 4; 
1973, July - August; 711-3. 
The Cl-S-triazines, simazine, atrazine, and 
propazine are extracted from soil with a mixture of 
ethyl acetate and methanol and determined by 
gas-liquid chromatography with Nickel electron 
capture or electrolytic conductivity detection. 
Clean up is necessary for the former but not the 
latter detector. Sensitivity is placed at 1 ng in 
the injected sample and the least determinable 
concentration at 0.1 ppm of soil. Recovery of added 
triazine ranged from 84 to 1127o. 
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, compared with COLUMN, INSECTCIDES 
130. SANS (WW). Multiple insecticides residue determina-
tion using column chromatography, chemica conversion, 
and gas-liquid chromatography. J Agr Food Chem. 15, 
1; 1967, Jan - Feb; 192-8. 
Florisil column fractionation seperates 
compounds which are difficult to resolve gas 
chromatographically and permits detection of greater 
numbers of pesticides in one sample. Chemical 
conversion of parent insecticides to alternate gas 
chromatographically responsive products results in 
specific identification. Two-column gas chromato-
graphy using column liquid stationary phases of Dow 
11 and QF-1 results in altered retention time and 
elution order. These procedures makes it possible to 
identify and evaluate samples containing multiple 
pesticide residue. 
, compared with MASS SPECTROSCOPY, CARBO! 
HYDRATES 
131, HOLTZ (R Barry). Qualitative and Quantitative 
analysis of free neutral carbohydrates in mushroom 
tissue by Gas-liquid chromatography and mass 
spectrometry. J Agr Food Chem. 19, 6; 1971, Nov -
Dec; 1272-3. 
The analysis of free carbohydrates in Agaricus 
bisporus, the cultivated mushroom, has been 
accomplished using gas-liquid chromatography and 
mass-spectrometry. Trimethylsilyl derivatives and 
hexa 0-acetyl derivatives were used. The quatitative 
and quantitative analysis of fructose, glucose, 
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mannitol, and sucrose is reported. Mannitol was 
present in the largest amount, accounting for over 
1.27o of the dry weight of the mushroom. 
, , , ,ETHANOLS 
132. KHANNA (SS) and PERKINS (EG). Application of 
gas-liquid chroraatography-Mass spectrometry to the 
analysis of natural products, Sesbania Grandiflora 
(L.) extracts. J Agr Food Chem. 17, 6; 1969, Nov-
Dec; 1335-6. 
The ethanolic extract from the flowers of the 
tropical plant serbania grandiflora was examined by 
the direct application of gas liquid chromatograhy -
mass spectometry. A homologous series of long chain 
hydrocarbons (C23H48 to C31H64) was identified as was 
an alcohol, n-monacosanol. 
• , , , , HYDROCARBONS 
;j^33^  KHANNA (Satgur S) and PERKINS (Edward G). Application 
of gas-liquid chromatography-mass spectrometry to 
analysis of natural products. J Agr Food Chem. 18, 2; 
1970, March-April; 253-5. 
A homologous series of hydrocarbons (pentacosane 
to hexacontane), as well as octa-and nonacosanol , 
were identified as components to Mangifera indica L. 
and Serbania grandiflora L. plant material extracts. 
In addition, evidence for the presence of waxes 
composed of esters formed between alcohols of C18-C29 
chain length to two major component acids, 
hexacosanoic and tetracosanoic acid, is presented. 
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,DIPTEREX and DDVP 
134. EL-REFAI (AR) and GIUFFRIDA (L). Seperatlon and micro 
quantitative determination of Dipterex and DDVP by 
gas-liquid chromatography. J Ass Off Agric Chem. 48; 
1965; 374-379. 
A Na thermoionic detector is used in the rapid 
gas chromatographic method described for the 
separation and determination of Dipterex 
[OO-dimethyD (l-hydroxy-2, 2, 2-trichloroethyl) 
phosphonate] and DDVP (2, 2-dichlorovinyl phosphate), 
The two compounds were extracted from aq. solution 
with ZtoAC and their rates of hydrolysis compared. 
,ESTER with GLYCOLS 
135. PANSE (Dh), BHALLERAO (NV), BAPAT (BR) and GHATGE 
(BE). Application of mono-and disubstituted 
phathalic acid and Oxydibenoic polyester phases in 
gas liquid chromatography. Indian J Technol. 23, 5; 
1985; 198-200. 
Polyster from monosubstituted and disubstituted 
phathalic acid and oxidibenzoic acids with different 
glycols were synthesized. Relation time data for 
several organic compounds were recorded using 
these polyester as substrates in gas chromatography. 
Isomers of tolridines were resolved in substituted 
aromatic under using a dual column system. 
Serquiterpenic hydrocarbons showed higher relative 
retention values man the polyester phases studies 
previously. 
116 
ETHERS 
136. FIDDLER (Walter), DOERR (Robert C) and WASSERMAN 
(Aaron E). Composition of an ehter-soluble fraction 
of a liquid smoke solution. J. Agr Food Chem. 18 2; 
1970, March-April; 310-2. 
An ether-soluble fraction of a commercial liquid 
smoke solution was seperated by gas-liquid chromato-
graphy. Thirty four components were identified by 
comparison of their GLC vetention times and improved 
spectra with those of authentic samples, and fourteen 
were tentatively identified by their retention times 
on two different columns. Certain compounds founds 
in smoke are also found in other food flavours and 
their possible formation is discussed briefly. 
,ETHYLENE DIBROMIDE 
137. BIELORAI (Rachel) and ALUMOT (Eugenia). Determina-
tion of ethylene dibromide in fumigated feeds and 
foods by Gas-liquid chromatography. J Sci Food 
Agric, 16; 1965, October; 593-6, 
A method is described for determination of 
ethylene dibromide in funigated material by gas 
liquid chromatography. The steam distillation 
method of Kennett and Huelim was used for extraction 
of the ethylene dibromide from the samples analysed. 
A good correlation was obtained by comparison of the 
gas-liquid chromatography with the chemical method. 
,_ ,FATTY ACIDS 
138. HIVON (KJ), HAGAN (SN) and WILE (EB). Preparation and 
analysis of some food fats and oils for fatty acid 
content by gas-liquid chromatography. J Amer Oil 
Chem. So.c. 41; 1964; 362-6. 
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The fatty acid composition of a cotton seed and 
a soyabean oil, butter-margarine misture and the 
covering fat from smoked ham is determined by GLC 
using ethylene glycol succinate and Apiezon Lgreese 
as liquid phases. The comparisons in fatty acid 
composition with different extraction procedures are 
tabulated. 
, ,(ERTHRINA SUBERASA) 
139. JOSHI (R) and GARG (BD). Analysis of the fatty acid 
composition of. the seed oil of erthrina suberasa by 
gas-liquid chromatography. Acta Ciene Indica. 7, 1; 
1981; 44-5. 
Reports and results of the study on the fatty 
acid composition of oil obtained from an Indian 
variety erythrina suberosa by gas-liquid 
chromatography. 
, , (FISHES) 
140. GOPAKUMAR (K) and RAJENDRANATHAN (Nair M). Studies in 
fish lipids. I fatty acid composition of lipids of 
marine-fish as determined by gas liquid-chromato-
graphy. Indian J Biocher.. 4,4; 1967; 229-31. 
Gas-liquid chromatography has been employed for 
the identification and quantitative estimation of the 
component fatty acid in the body fat of the fatty 
fishes, viz mackeres and pomfret, and two non-fatty 
fishes, viz Kilimin and jew fish. In the mackeres 
and pomfret, fatty acid components has been estimated 
seperately for phospholipids and non-phosphorylated 
lipids. Lipids of both jew fish and Kilimin contain 
large amount (30 - 40%) of C16 acids. 
118 
FATTY ACIDS (SEBAIC ACID) 
141. JACKSON (RB). Gas liquid chromatography of volatile 
fatty acids from formic acid to valeric acid. I. 
carboxylic acids as stationary phases. J Chromatogr. 
16; 1964; 306-10. 
Good seperations of C^ to C2 fatty acids 
were obtained on columns packed with 207=, of behenic 
acid or sebacic acid on acid-washed chromosorb W 
(80-100 mesh). The gas chromatograph used was 
equipped with a thercal conductivity detector. 
Complete seperation were obtained when sebacic acid 
column was operated at 135 and the behenic acid 
column at 115 . Both column packings showed 
satisfactory stability at 135 . 
, ,GLYCEROL and FATTY ACIDS 
142. HOLLA (KS), HORROCKS (LA) and CORNWILL (DG). 
Improved determination of glycerol and fattyacids in 
glycerides and ethanolamine phosphatides by Gas-
liquid chromatography. J Lipid Res. 5; 1964; 263-5. 
By a simplified hydrogenolysis - acetylation 
procedure and gas-liquid chromatography this was 
achieved. When fatty acid interfered with the 
analysis, glycerol alone and was estimated by 
saponification-acetylation. Preliminary acetolysis 
was necessary for the estimation of glycerol in 
ethanolamine phosphatides by these methods. 
, , HEXANE 
143. BLACK (LT) and MUSTAKES (GO. Gas chromatographuc 
determination of residual hexane in hexane-extracted 
soyabean flakes. J Amer Oil Chem Ass. 42; 1965; 62-4. 
119 
The determination of hexane in hexane-extracted 
soya-bean flakes by gas-liquid chromatography was 
studied. The residual hexane was extracted from the 
flakes with pure iso-octane for 1 hr. and then 
analysed by gas-liquid chromatography in a stream of 
Ne. The accuracy of the method was studied by 
adding hexane in known amount to soya-bean flakes. 
Results indicates mat the lower limit of accuracy is 
approximately 0.027o. 
,INDICATORS 
144. wiener (Paul H) and HOWERY (Parryl G). Factor 
analysis of some chemical and physical influences in 
Gas-liquid chromatography. Analytical Checistry, 44, 
7; 1972, June; 1189-94. 
Some fundamental factors influencing retention 
indices in gas-liquid chromatography are studied by 
the mathematical technique of factor analysis. A 
procedure is presented for accurately predicting a 
solute retention index on any stationary phase in 
the system of the retention indices of that solute 
on eight carefully choosen stationary phases are 
knonw. The usefulness of this procedure for 
predicting retention indices is illustrated for four 
solutes which are purposely left out of the 
analysis. 
,METHODOLOGY 
145. GERBER (JAMES N) and SAWYER (Donald T). Nature of the 
non-specific interactions in gas-liquid chromato-
graphy. Analytical Chemistry. 44, 7; 1972, June; 
1199-1203. 
120 
The gas-chromatographic retention of the inert 
gases and methane has been studied on salt-modified 
aluminas and porous nilica to elucidate the nature 
of non-specificinteractions in gas-liquid chromato-
graphy and to test the theory of king and Benson. 
The latter which suggests that the energy of 
interaction is directly proportional to the 
polarizability of sorbate molecule, fits the 
prevents experimental results with the exception of 
methane adsorption on porous silica. 
, , METHODOLOGY, FATTY ACIDS 
146. LANIGAN (GW) and JACKSON (RB). Quantitative 
gas-liquid chromatography of volatile fatty acids. 
A method for the determination of CI to C6 acids in 
biological materials. J Chromatography. 17; 1965; 
238-44. 
Ten saturated carboxylic acids containing from 1 
to 6C atoms are liberated from their Na salts (5 to 
10 umole) with 30%. H^PO, solution and seperated as a 
column containing 201 of behenic acid and 4% of 
H-PO, acvid washed chromosorb W; N saturated with 
water is used as the carrier gas. The temp, is 
programmed to rise fror 80 to 140 and the acids 
are detected and determined with a commercial 
recording automatic titrator. The mean recovery of 
right acids from a synthetic mixture was 98.9% of 
coeff. of variation for each acid (six 
determinations) was + 1T=. 
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, METHYL PARATHION 
147. JAGLAN (Prem S), MARCH (Ralph B), FUKUTO (T Roy) and 
GUNTHER (Francis A). Gas-liquid chromatographic 
determination of methyl parathion and metabolites. 
J Agr Food Chem. 18, 5; 1970, Sept - Oct; 809-13. 
Gas-liquid chromatography (glc) was used to 
isolate and identify methyl parathion (0,0-dimethyl 
0-P-nitrophenyl phosphorothioate), its oxygen analog 
methyl paraxon and their primary ionic metabolic 
products. The feasibility of using glc to 
investigate the thermal isomerization of methyl 
parathion also was demonstrated. 
, , ORANGE 
1A8. TATUM (james N) , SHAW (Philip E) and BERRY (Robert 
E). Some compounds formed during ninenzymic browing 
of orange powder. J Agr Food Chem. 15, 5; 1967, Sept 
- Oct; 773-5. 
An analytical study was made of nonenzymic 
browing products formed in stored dehydrated orange 
powder. The isolation of eight furan-type 
compounds, three pyrroles, three acids, one lactone, 
and methylcylopentenolone is reported. All the 
compounds were seperated by GLC and identified by 
spectroscopic methods in comparision with authentic 
samples. 
, ,ORGANIC ACIDS 
149. BARTA (Allan L) and OSMOND (Charles A). Improvement 
for Gas liquid chromatographic analysis of organic 
Acids in Plant tissue. J Agr Food Chem. 21, 2; 1973, 
March - April; 316-8. 
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A 4-ft U tube column packed with 9.5% PV-3 
liquid phase on chroniosorb W-HP yielded good 
seperation of a standard organic acid mixture 
containing oxalid, malonic, succinic, fumaric, 
malic, aconitic, tartaric, shikimic, citric and qunic 
acid. Temperature, programming from 150 to 230 
increased acid seperation and reduced analysis time 
to about 7 min. Regisil + 11 TMCS (N, 
0-bis-trimethyl silyl fluracetimide plus IZ trimethyl 
chlorosilane) was found to be superior to BSA (N, 
0-bis-trimethylsilyl acetimide) fir silylating 
organic acids from plant material. 
150. BOLAND (Richardo L) and GARNER (George B). Determi-
nation of organic acids in Tall Fescue (Festuca 
arundinacea) by Gas-liquid chromatography. Jr. Agr. 
Food Chem. 21, A; 1973, July-August; 661-5. 
A quantitative glc method for biologically 
important organic acids in plant tissue was 
developed. The acids were extracted from lyophi-
lizing plant tissue with 507o ethanol. Interfering 
substances were remived by ion-exchange chromato-
graphy. Derivatives were made by use of N, 0-bis 
(trinethylsilyl) acetamide (BSA). The TMS esters 
were chromatographed on temperature-programmed 3% 
SE-52 and 3% XE-60 columns and detected by flame 
ionization. Complete resolution was obtained for 14 
organic acids usually present in plant tissues. 
Multiple peak formation of x-keto acids was avoided 
by reaction with methaxyamine hydrochloric prior to 
silylation. 
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P-CHLOROTHIOANISOLE 
151. NIGG (Herbert A), KAPOOR (Inder P), METHCALF (Robert 
L) and COATS (Joel R). A Glc assay for microsomal 
thioeluer oxidation. J Agric Food Ghee. 20, 2; 1992, 
March-April, 446-8. 
P-chlorothioanisole has been investigated as a 
substrate for microsomal thioether oxidation. In 
both mouse and housefly microsomal preparations it is 
oxidised to p-chlorophenyl methylsulfinyl ether. The 
ease and accuracy of the aisay procedure suggest 
that p-chlorothioanisole may have wide application 
for the measure of thioether oxidation. 
, , PECTIN METHYLESTERASE, METHANOL 
152. BARTOLOME (Linda G) and HOFF (Johan E). Gas chromato-
graphic methods for the aisay of pectin methyles-
terase, free methanol, and methoxy groups in plant 
tissues. J Agric Food Chem. 20, 2; 1972, March-April; 
262-6. 
The methods are based on the measurement of 
methanol by Gas-liquid chromatography after 
conversion to methyl nitrite. Conversion is brought 
about by allowing the sample to react with nitrous 
acid in a closed tube. I-propanol, used as internal 
skindard, is similarly converted Co nitrite 
derivative. In aliquot of the headsoace gas is 
injected into the gas chromatograph. The enzyme 
aisay is conducted at pH 7.5 and 30°C for 3 r.in. 
with a buffered 1% pectin solution. Methoxy groups 
are determined after prior solubilization and 
hydrolysis of pectic substances with an EDTA-NaOH 
solution for 30 min at room temp. The determination 
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of free memanol requires no pretreatment. Semi nicro 
modifications, which permit the analysis of as 
little as 50 mg of fresh tissue, are also presented. 
, , PHENOLS 
153. DOERR (Robert C) and FIDDLER (Walter). Partition 
ratio of some wood smoke phenols in two oil: water 
systems. J Agr Food Chem. 18, 5; 1970, Sept - Oct; 
937-9. 
The partition ratios (K ) of 12 phenols found in 
^ P 
wood smoke were determined by gas-liquid chronato-
graphy in teo oil: water systems. All the compounds 
partitioned into neatsfoot oil to a greater extent 
than into water. In a mineral oil: water system, 
however, thenol, the cresols, and syringol favoured 
distribution into the water phase. All the K values 
P 
in neatsfoot oil: water exceed those in the mineral 
oil: water system by factors ranging from 3 to 60. A 
semi logasithmic plot of partition ratio Vs. carbon 
number was linear for two homologous series. 
, , , and p-ORESOLS,VAPORIZATION-HEAT 
154. HUSAIN (S), KRISHNAMURTHY (ASR), SHARMA (PN), 
Determination of heats of vaporization of phenol and 
0-, m- and p- oresols by gas-liquid chromatography. 
Indian J Technol. 19, 7; 1991; 295-6. 
A simple and rapid gas liquid chromatoigraphic 
method for the determination of heats of vaporization 
of phenol, o-, m- and p- cresols is reported. 
Activity coefficient at infinite dilution are also 
calculated. An indigeneously made gas chromatogrph is 
used for this purpose without much modification. 
Experimental results are in good agreements with the 
stimated values. 
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,and ORESOLS 
155. HUSSAIN (S), KRISHNAMURTHY (ASR), SARMA (PN). Deter-
mination of heats of vaporization of phenol and 0-, 
m- and p- oresols by gas-liquid chronatography. 
Indian J. Technol. 19, 7; 1981; 295-6. 
A single and rapid liquid chronotographic 
method for the determination of heats of vaporization 
of phenol, 0-, m- and p- cresols is reported. 
Activity co-efficient at infinite dilution are also 
calculated. An indigenously made gas chromatograph 
is used for this purpose without much modification. 
Experimental results are in good agreement with the 
estimated values. 
, ,PHOSDRIN 
156. WINTERLIN (Wray), MOURER (Charles) and BECKMAN 
(Hermann). Analysis of Phosdrin in vegetables using 
gas-liquid chromatography. J. Agr. Food Chem. 18, 3; 
1970, May-June; 401-A. 
A procedure has been described for determining 
the insecticide phosdrin in the presence of two 
vegetable crops, green beans and artichokes. 
Exraction with chloroform followed by gas 
chromatography equipped with a cesium bromide 
themionic flame detector provided a quick and 
sensitive means for detection, as well as seperation 
of the two isomers of phosdrin. The method was 
capable of detecting level of the insecticide in crop 
extracts as low as 0.01 ppm without clean up. 
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.PHOSPHINE 
157. BRRCK (B), WESTLAKE (WE) and GUNTHER (FA). Micro 
determination of phisphine by Gas-liquid 
chromatography with microcoulometric thermionic, and 
flame photometric detection. J Agr. Food Chem. 18, 1; 
1970, Jan-Feb; 143-7. 
Microcoulometric, thermionic, and flame 
photometric (Phosphorus mode) detectors used with GLC 
were compared for minimum detectability, accuracy, 
reproductibility, and rapidity for the measurement of 
ppb and ppt level of phosphine, PH3 in foodstuffs, 
air, and water. Examples are given of application 
of the flame photometric method to determine sirption 
of pH3 in various solvents relatively larve 
concentrations of SO2, H2S, CH^SH, and other s gases 
or vapors can interfere; counteractive measures are 
discussed. 
, ,POLYBASIC ACIDS 
158. MARTIN (Glenn E), SULLO (Joseph G) and SCHOEMEMAN 
(Robert L). Determination of fixed acids in 
commercial wines by Gas-liquid chromatography. J 
Agric Food Chem. 19, 5; 1971, Sept - Oct; 995-8. 
The polybasic acids (Succinic, fumaric, malic, 
tartaric and citric) in wines were sepeerated from 
other solid material by precipitating the acids as 
the lead salts of acids. Trimethylsilyl derivatives 
were formed direclty from the precipitates and were 
identified and quantitated by vapor phase 
chromatography. 
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,GAS-LIQUID-RADIO, C14-IS0 PROPYL 4,4'-DIBR0-
MOBENZILATE 
159. CANNIZZARO (Richard D), CULLEN (Thomas E) and MURPHY 
14 (robert T), Gas-liquid radiochromatography of C 
isopropyl 4, 4'-dibromobenzilate residues in field-
weakered soil. J Agr Food Chem. 18, 4; 1970, July-
August; 728-30. 
Gas-liquid radiochromatography has been 
successfully applied in the quantitative 
determination of residues of C - isopropyl 4, 
4'-dibromobenzilate in field weathered soil. 
Chloroform extracts of soil samples without clean 
up were injected directly into a Barber-colman 
radio-active monitoring (ran) gas chromatograph. The 
total radio-activity in soil 14 months after field 
application was determined by liquid scientillation. 
Greater than 95% of the residual radioactivity was 
identified by gas-liquid radio chromatography as the 
unchaged parent compound. 
, , RONNE : 
160. IVERY (Marcellus C) and CLABORN (Houston V). 
Gas-liquid chromatographic determination of Ronnel 
(0,0-dimethyl 0-2, 4,5-trichlorophenyl 
phosphorothioate) and oxygen analog of ronnel 
(Dimethyl 2,4,5-trichlorophenyl phisphate) in tissues 
of cattle. J Agr Food Chem. 19, 6; 1971, Nov - Dec; 
1256-8. 
A gas chromatograph equipped with a flame photo-
metric detector provided a highly sensitive method of 
determining residues of ronnel and oxygen analog of 
ronnel inanimal tissues. With extraction and clean up, 
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0.002 ppm of ronnel and 0.005 ppm of the oxygen 
analog could be detected, and the recoveries were 
75-957o for ronnel and 80-1007o for oxygen analog. 
,TRIAZINE 
161. BENFIELD (CA) and CHILWELL (ED). Determination of 
triazine herbicides by gas-liquid chromatography with 
particular reference to atraton in soil. Analyst. 
89; 1964; 475-9. 
Triazine residues in crops or soils were 
determined using a Pye Argon chromatograph and a low 
laoding of ethylene glycol adipate polyester (as 
liquid phase) as glass beads. A general extraction 
procedure wuth a clean up process, applicable to crop 
and soil extracts is described. The procedure for 
determining atraton and similar compounds is 
simplified by the use of a second related triazine as 
an internal standard, and final determination 
involving only the ratio between the two 
triazinopresent. 
, ,TRITERPENE SAPOGENIN 
162. KERNAN (Jack A), COXWORTH (Ewen) and FLEMING 
(Sharon). Microdetermination of Triterpene 
sapogenion content of Kochia Scoparia Seed using 
Gas-liquid chromatography. J Agr Food Chem. 21, 2; 
1993, March-April; 232-4. 
Saponius were extracted nearly completed (95!=) 
from whole Kochia seed without seriously affecting 
seed germination by washing with 1% aq. at roor 
temperature. Hydrolysis of the extracted saponius 
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with 1 N sulfuric acid in water -1, 4-dioxane (3:1) 
releared a sapogenium (Oleanolic acid) which is 
extracted with ether and methylated with 
diazomethane. The methylated sapogenin was measured 
by gas-liquid chromatography on a 1% SE-30 column. 
Amounrs as small as 0.68 ug of oleanolic acid were 
measured quantitatively by this procedure and 
considerably smaller amounts were detected. 
MICRO COULOMETRIC, CHLORONEB 
163. PEASE (HL). Determination of residues of chloroneb 
and a metabolite by microcoulometric gas curomato-
graphy. J Agr Food Chem. 15, 5; 1967, Sept - Oct; 
917-9. 
A gas chromatographic method utilizes programmed 
-temperature gas chromatography and the relective 
microcoulometric detector to measure residues of 
chloroneb (1, 4-dichloro-2, 5-dimethoxybenzene) and 
the metabolite, 2, 5-dichlow-4-methoxyphenol, in soil 
and a variety of plant and animal tissue after they 
have been seperated from the substrate by steam 
distillation. Further clean up is not required in 
most tissues. The chromatographic seperation is 
made by programming a column of 107o DC 560 plus 0.27c 
Epon resin 1001 on high performance chromosorb w 
from 100° to 180°C. Recoveries were 907o. 
, , ,DILAN 
164. BECKMAN (H) and BEVENUE (A). Dilan residue determi-
nation by microcoulometric gas chromatography. J. 
Agric Food Chem. 12; 1964; 245-7. 
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A procedure is described for the extraction and 
clear up of Dilan (a mixture of Bulan and Protan and 
related compounds) residues from pears prior to 
analysis by micro-coulometric gas chromatography. 
A special technique is described for removal of DDT 
resides which if present interfere. 
PAPER, OILS 
165. SUMATHIKUTTY (MA), RAJARAMAM (K) , PADMAKUMARI (KP), 
NARAYANAM (CS) and MATHEW (AG). Analysis of oils 
from commercial grades of pepper. Indian Perfumer. 
28, 3-4; 1984; 119-22. 
Detailed gas-liquid chromatography analysis and 
odour evaluation of oil from different commercial 
grades of pepper showed that lighter grades which are 
considered inferior because of light weight and poor 
appearances were found to be similiar to other 
superior grades in chemical composition and odour 
profiles. Pin heads, under developed small berries 
had entirely a different odour profile and chemical 
composition. 
, GEL PERMEATION and LIQUID, HIGHSPEED, CITRUS 
OILS £nd ALCOHOL 
166. SCHMIT (John A), WILLIAMS (Reed C) and HENRY (Richard 
A). Applic ations of combined get permeation 
chromatography and High Speed Liquid Chromatography 
for the seperation of complex flavor mixtures. J Agr 
Food Chem. 21, 4; 1973, July - August; 551-6. 
This paper describes the use of combined liquid 
chromatographic techniques for the chracterization 
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of citrus essential oils and a selected alcoholic 
beverage, rum. These mixtures were seperated by 
both get permeation and partition modes of liquid 
chromatography. The techniques described establish 
the feasibility of this approach for controlling 
processing variables in the production of these 
products and determining: the contribution of 
extraction - reaction mechanisms to the aging of 
alcoholic beverages and describe a method for the 
purification of individual components for further 
analysis. 
,PROTEINS 
167. FISH (Wayne W). Gel chromatography in denaturing 
solvents: a method for the study of protein submit 
composition. J Agr. Food chem. 19, 4; 1971, July-
August; 660-4. 
Gel chromatography in two denaturing solvents, 
dilute aqueous sodium dodecyl sulfate (SOS) or 
aqueous 6M guanidine hydrochloride (GuHCL), was 
used to measure protein submit molecular weights. 
Gel chromatography on 6% arose in 6M Gel HCL per-
mitted seperation of polypeptide chain from 1000 to 
50,000 daltous. Accurate Mol. wt. estimates on P-200 
in 0.17c SDS were obtained between 15,000 and 70,000 
daltoms. The utility of method was demonstrated by 
an examination of the submit nature of the trans-
ferrins and apoferritin. The submit molecular 
weight of appoferritin was found to be 18,200 by gel 
125 
chromatography of I-labeled apofessitin in 6M 
GUWCL. Together with a native mol. wt. of 435,000 
this suggested a 24-submit model for apoferritin. 
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(SUN FLOWER) 
168. SABIR (Mohammad A), SOSULSKI (Frank W) and MACKENZIE 
(Samuel L). Gel Chromatography of sunflower protein. 
J A°r. Food Chem. 21, 6; 1973, Nov - Dec; 988-92. 
The salt-extractable proteins in sunflower flour 
were characterized by gel chromatography, disk 
electrophoresis, and amino acid composition. The 
proteins from commander, Majak, and valley sunflower 
and a soyabean control were 69.701 dispersible in 
2,57o neutral salt solution. These proteins were 
seperated into five paction by gel chromatography on 
a standardized sephadex G-200 column. The fraction 
I-V contained about 5, 49, 9, 24 and 12% of 
extracted meal proteins respectively, in the three 
sunflower varieties. 
, ION EXCHANGE, ANIONS 
169. DABRAL (SK), MUKTAWAT (KP SINGH) and RAWAT (JP). 
Ion-Exchange chromatographic seperation of some 
anions on hydrated stanic oxide impregnated paper. 
Indian J Chem. 27A, 8; 1988, Aug; 745-6. 
A comparative study of the chromatographic 
behaviour of a few common anions on untreated what-an 
No.l paper and paper impregnated with hydrated 
stanic oxide has been made byemploying identical 
aqueous, non-aqeous and mixed solvent systems. Sharp 
compact and distinct spots are obtrained with 
impregnated papers. Various analytically inportant 
binary and ternary seperation are reported. 
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, , compared with HYDROPHOBIC INTERACTION, 
MACROPOROUS COPOLYMERS with ETHYLENE DIMETHYACRYLATE 
170. TENNIKOVA (TB), NAHUNEK (M) and SVEC (F). Modified 
macroporous copolymers of glycids methacrylate with 
ethylene dimethyacrylate as sorbents for , ion-
exchange and hydrophobic interaction chromatography. 
J Liq. Chromatogr. 14, 14; 1991; 2621-32. 
Copolymers gly. cidyl methacrylate-ethylene 
dimethacrylate which proved to be well suited for 
size exclusion chromatogr. sepns. in water solns were 
provided with hydrophobic alkyl chains contg, 4 or 8 
carbon atoms of with hydrogen sulphate groups by 
simple chem. modifications, sepns. of model proteins 
mixtures document the suitability of these sorbents 
for hydrophobic interaction and ion-exchange 
chromatography and suggest ways- for fine adjustnent 
of chromatog. conditions assuring the optimal 
result. 
MICROBIOLOGICAL FOODS, AMIND ACIDS 
171. LICHTENSTEIN (Harold). Comparison between Micro-
biological and Ion exchange chromatographic analyses 
of foods for amino acid content. J Agr Food Chem. 
19, 5; 1971, Sept - Oct; 935-6. 
Triplicate hydrolysates of the food were 
analysed for content of 16 amino acids by both micro-
biological and ion exchange column chromatographic 
methods. Values obtained by the two methods were in 
general agreement; however, statistically 
significant differences were encountered for several 
amino acids in each food. No indiction was evident 
that the methods consistently differed in 
determining any single amino acid. 
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SUPRESSION, FATTY ACIDS, LOWER 
172. GHOSH (Anil K) , GOSWAMI (Prodyut K) and SENGUPTA 
(Subhabrata). Ion suppression chromatographic 
analysis of saturated lower fatty acids prevent 
during propionie acid fermentation. J Indian Chem 
Soc. 69, 9; 1992, Sept; 572-73. 
Analysis of saturated lower fatty acids was made 
using a u-bondapak c-18 column. Isocratic mobile 
phase used was 50m M potassium phosph buffer 
(ph-3.7) containing 5% (v/v) each of methanol and 
3 
acetonitrile at a flow rate of 1 me min. The method 
needed no pre-derivatization of acids and had 
sensitivity of detection as low as 1 u mol of acid 
ml. 
, LIQUID, AMINOPROPYL SILICA GEL 
173. KURODA (Yasuhia), KATO (Teru) and OGOSHI (Hisanobu). 
Liquid chromatography with Aminograpylsilica gel 
modified by heptakis (2,3, 6-tri-o-methyl) - B-
cyclodextrin derivative. Bull Chem Soc Jph. 66, 4; 
1993, April; 1116-20. 
New stationary phases modified by heptakis (2,3, 
6-trio-methyl)-B-cyclodextrin were prepared and 
tested as HPLC columns. The results shows that these 
stationary phases exhibit significant chiral 
seperation abilities for various types of aromatic 
compounds under reversed-phase conditions. 
, compared with COULOMETRIC, FORCED-FLOW 
174. JOHNSON (Dennis C) and LAROCHELLE (John). Forced-flow 
liquid chromatography with a coulometric detector. 
Talenta. 20, 10; 1973, Oct; 959-71. 
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A tabular platinum electrode packed with small 
chips of platinums is described which was shown to 
function with 100% electrolytic efficiency. 
Application of the electrode is described for the 
coulometric determination of electroactive species in 
the effluent from a liquid chromatograph. Cu and Fe 
were determined in a series of standards. An 
average deviation of less than 2ppt was obtained 
for analysis of samples containing 5 ug of cu(II) and 
5 ug of Fe (III). 
, ,HIGH PERFORMANCE,ACETIC, ANHYDRIDE 
175. WU (Weh S) and GAIND (Virindar S). High-performance 
liquid chromatography with a specific detection 
system for the determination of acetic anhydrise: 
an effective approach to analytical confirmation. _ 
J High. Result. Chromatogr. 15, 7, 1992; 479-81. 
Tryptoline was used for derivatization of acetic 
anhydride and the derivatives was qualified by high 
performance liquid chromatography with fluorescence 
detection followed by amperometric detection. 
,ALKALOIDS 
176. AKHILA (A) and UNIYAL (GO. Quantitative estimation 
of opium alkaloids. Indian J Pharm Sci. 45, 5; 1983; 
236-8. 
A quick and simple HPLC analysis method has 
been established for the seperation and estimation of 
six opium alkaloids (viz. Horphine, codeine, 
cryptopine, Thebaine, Papaverine and Narcotine) from 
gum opium and poppy straw. 
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HIGH PERFORMANCE and THIN LAYER, ONLINE 
COUPLING 
177. MULLER (Edwina) and JORK (Hellmut). On-line coupling 
of HPLC, solid phase extraction, and TLC (HPLC-OSP-
TLC): Assay of 4(5) methylimidazole in caramel 
samples. J Planar Chromatography. 6, 1; 1993, Jan-
Feb; 21-8. 
This publication presents the first description 
of HPLC-OSP-TLC, the on-line coupling of HPLC, solid 
phase extraction (OSP), and TLC. The technique, 
which open up new possibilities in the field of 
multidimensional chromatography of complex samples 
makes it possible to couple HPLC and TLC on-line even 
when aqueous eluents or buffer solution are used 
as the mobile phase for HPLC. This letter is of 
interest with regard to detection sensitivity of the 
process. The on-line coupling of HPLC and TLC of 
conventional dimensions is accomplished without 
splitting the HPLC eluate. 
CARBOHYDRATES 
178. KARSTEN (ulf), THOMAS (David N) , WEYKAM (Gabriele), 
DANIEL (Claudia) and KIRST (Gunter 0). Simple and 
rapid method for extraction and seperation of low 
molecular weight carbohydrates from marcroalgal using 
high-performance liquid chromatography. Plant 
Physiol Biochem. 29-4; 1991; 378-8. 
Amethod was developed to measure the content of 
low mol. weight carbohydrates in various marine 
macroalagae, suing simple erth. procedures followed 
by HPLC. Five algal species were investigated, 
representing a diverse of algel types of morphologies 
Hot water and various ethanol extns of these 
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compounds were compared. The former was shown to be 
sufficient for complete extn. Two types of HPLC 
column were used. Although operating conditions and 
carbohydrate sepn. were different quant both gave 
the same results. 
, DL-AMINO ACIDS 
179. BRUECKNER (H) and STRECKER (B). Chiral monochloro-S 
-triazimes as derivating reagents for resolving 
DL-amino acid by HPLC. Chromatographia. 33, (11-12); 
1992; 586-7. 
One chlorine atom in cyanuric chlorine was 
substituted by reaction with nucleophiles, such as 
r?ethanol or 4-amino azo benzene replaced by 
L-aniline amide. The chiral monochloro-s-triazines 
thus obtained were used for the pre column-derivati-
zation of DL-amino acids; the diestereomers formed 
were resolved by reversed-phase (C-18) liquid 
chiromatography (HPLC). 
, , , INSULIN 
180. RUO (Tsuen Ih), WANG (Zhao), DORDAL (Margaret S) and 
ATKINSON (Arthur J., Jr.). Assay of inulin in 
biological fluids by high-performance liquid 
chromatography with pulsed amperometric detection. 
Chim. Chim. Acta. 294, 1-3; 1991; 217-22. 
Insulin was detd in 1 nl human blood plasma or 
0.5 ml urine, after extn. on a Sep - Pak C-18 
cartridge, by using a Bio-Rad carbo C precolumn and a 
Bio-Rad Aminex HPX -87c carbohydrate anal. column 
with elution by water at 60 followed by ainpero-
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metric detection. Std. plots were linear over a wide 
insulin conin. range, and the 
were used >1 yr with no problems 
chromatog. column 
,METHODOLOGY 
181. YAMAGUCHI (Masato), YAMAMOTO (Tetsuro), TOMADA 
(Takashi) and MOTOZATO (Yoshiaki). Application of 
macroporous glucomannan hard gel to riigh 
performance liquid chromatographic preparation of 
coagulation factor VIII. Bull Chem Soc Jpn. 66. 2; 
1993, Feb; 639-44. 
Glucomanan spherical hard gels with macroporous 
nature were 2-diethylaminoethylated (DEAE-) and 
evaluated for the applicability to preparation of 
blood coagulation factor VIII. DEAE-Gr gel 'Mlim 
1x107) was applied to high performance liquid 
chromatographic (HPLC) preparation of dactor VIII 
fro- plasma cryoprecipitate fraction under high flow 
rates as rapid as 1 to 4 in h linear velocity. 
Recoveries were 51-88%. 
, , ,OXALATE 
182. FRY (Ian DR) and STARKEY (Bryan J). The 
determination of oxalate in urine and plasra by 
high-performance liquid chromatography. Ann. Clin. 
Biochem. 28, 6; 1991; 581-7. 
A simple, sensitive assay for oxalate in urine 
or plasma is described. Acidified urine is 
pretreated by diln. with neutral phosphate buffer 
and passage through a C18 cartridge. Stabilized 
plasma is dild with neutral acetate buffer and 
oxalate extd using a strong anion exchange 
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cartridge. Treated samples are applied to an ion-
paired chromatog. system and oxalate detected 
electrochem. Recovery of oxalate from augmented 
samples exceeded 877o from both urine and plasma. 
,PHARMACY 
183. IRWIN (WJ) and SCOTT (DK), HPLC in pharmacy. 
Chemistry in Britain. 18, 10; 1982, Oct; 708-18. 
The pharmaceutical sciences require analytical 
methods that are specific, sensitive and precise. 
Modern high-performance liquid chromatography 
(hplc). Offers many of the attributes of an ideal 
system and has been eagerly adopted in a wide range 
of applications. 
, , , VITAMIN 
184. GOODNEY (David E) . Analysis of vitamin C by high 
pressure liquid chromatography. J Chem Educ. 62, 2; 
1887; 187-8. 
A lab. expt. is described for the HPLC analysis 
of as forbic acid that can be used with a variety of 
beverages. The HPLC analysis uses isocratic elution 
and UV absorbance detection. The extent of oxidn. 
of ascorbic acid in a sample is detd. by reducing. 
The dehydroascorbic acid and measuring the 
resulting total ascorbic acid. 
(FOODS) 
185. HUSSAIN (S) and MURALIDHARAN (D). High performance 
liquid chromatographic method for determination of 
fat soluble vitamins in food. Oriental J chem. 1, 2; 
1985; 56-63. 
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The analysis of foodstuffs for their 
constituents and their nutritional value has been 
described as an inviting field to HPLC, HPLC data 
for the estimation of fat-soluble vitar.ins in a v;ide 
range of foods are presented, UPLC provides a rapid 
and reliable method for fat soluble vitamins 
analysis. Advantages of HPLC include direct 
analysis of vitamins without derivatization, multiple 
component etc compared with other method, UPLC on 
detect lower potency levels of vitamins. HPLC has 
r.ade significant contribution in vitar.ins analysis 
in foods. 
,BUTTER FLAVOR 
186. KiOLYNEUX (Russell J) and WONG (Yen-i). High-Pressure 
liquid chromatography in the seperation and Detection 
of Bitter Compounds. J Agr Food Chem. 21, 4; 1973. 
July-August; 531-4. 
The constituents present in hops which are 
responsible for the characteristic bitter flavour of 
beer consists of a complex mixture of closely 
related compounds. Seperation and analysis of these 
conpounds by counter current distribution, the best 
technique available, is slow and tedious. 
High-/pressure liquid chromatography (hlpc) has 
therefore been investigated as an alternative method 
for performing rapid analysis. The technique shows 
considerable potential for seperation and detection 
of bittering constituents in both hops and beer. 
Hplc has also been used to follow the rearrangement 
or hop components and to monitor synthetic 
reactions. 
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,DIOXANE 
187. SELIM (S) and COOK (RF). Residue determination ct a 
dioxane herbicide in soil and soybean by High-
Pressure liquid chromatography. J Agric Food Chem. 
26, 1; 1978, January-February; 106-10. 
Residues of FMC 25213 [r-2-Emul 5-methyl-c-5-
(2-nethyl benzyloxt )-l, 3-dixone] are first extracted 
froni the samle with methanol-water and subsequently 
partitioned in methylene chloride. After being 
partitioned with sodium bisulfite, the methylene 
chloride is extract is concentrated and added to 
silica gel clean up column. quantitative deterrina-
tion of hydrazone is made by reverse-phase high 
pressure liquid chromatography using UV detector 
operating at 336 nm. The lower limits of 
sensitivity of this method are 0.025 ppm for soil, 
0.05 ppm for soyabean and soybean forge and 0.25 ppm 
for soybean by. Recoveries of FMC 2543 averaged 857o 
for soil, 96% for soyabeans, 93% for soyabean bay and 
86Tc for soyabean forage. 
, , ,MEDROL 
188. KRZEMINSKI (leo F) , COX (Byron L) , PERREL (P Nsil ) 
and SCHILTZ (Richard A). Determination of methyl 
prednisolone (Medrol) residues in milk by High 
pressure liquid chromatography. J Agr Food Chem. 
20, 5; 1972 Sept - Oct ;970-2. 
The methylprednisolone is extracted from the 
sample by ethyl acetate, partitioned between hexane/ 
acetonitrile, then hexane/water, and finally water/ 
methylene chloride. The residue containing the 
methyl prednisolone is dissolved in methanol and an 
aliquot injected into 1-m hydrocarbon polymer column 
using 3.1 water-methanol as the mobile phase. 
Detection is by a precision photometer (254 nm) and 
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quantitattion is by peak height measureinent. 
Observed recovery + estimated standard deviation for 
methyl prednisolone in milk over a 5-50 ppb range was 
94 i 4%. 
REVERSE PHASE, X 2u -
GLOBULIN and ALBUMIN 
189. LEHMAN-McKEE MAN (Lois D) and CAUDILL (Douglas). 
Quantitation of urinary X 2u - globulin and albumin 
by heverse-phase high performance liquid chromatogra-
phy. J Pharmacol Methods, 26, 4; 1991- 239-47. 
A rapid, reproducible and sensitive HPLC r.ethod 
for the quantitation of X2u - globulin, the r.ajor 
uninary protein excreted by adult wall rats and 
albumin was developed. Total urinary-proteins 
isolated by a simple Sephadex G25 gel filteration 
step are sepd. and quantitated by reverse-phase HPLC 
on a 04 Macrosphere 300 column. To quantitate 
total urinary protein excretion, the authors modified 
the Bradford protein assay to use rat urinary protein 
as std. 
, , , SENNOSIDES 
190. SRIVASTAVA (VK), MAHESWARI (ML) and MANDAL (S). Rapid 
HPLC method for analysis of sennosides in senna. 
Indian J Pharm Sci. 45, 5; 1983; 230-3. 
A rapid High pressure liquid chromatographic 
(HPLC) method for the qualitative and quantitative 
determination of sennosides in senna has been 
developed. The aqueous extract of the drug was 
injected directly into a reverse phase u Bondapak CIS 
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column with detector monitoring at 28 mm. The 
detection limit is 0.1 ug. The chemical analysis 
corroborated the results. 
, ,HIGH SPEED, CATION EXCHANGE, BENONYL 
191. KIRKLAND (Joseph J),HOLT (Richard F) and PEASE 
(Harlan L). Determination of Benomyl Residues in 
soils and plan tissues by High-speed cation exchange 
liquid chromatography. J Agr Food Chem. 21, 3; 1973, 
May-June; 368-71. 
The method for soils is based on an acidic 
methonal extraction of the residues, which converts 
residual benomyl to MBC (methyl 2-benzimidazolecar-
bamate). After a liquid-liquid partitioning clean 
up, the total benomyl and/or MBC residues are 
measured as MBC by high, speed liquid 
chromatography. Any 2-AB (2-aminobenzimidazole) 
present in the original sample is also ectracted and 
sir.ultaneoul sy determined as a seperate Ic peak. The 
method for plant tissues is based on ethyl acetate 
extraction of the residue followed by liquid-liquid 
partitioning clean up and liquid chromatographic 
measurement. 
, , HYDROCARBONS , POLY AROMATIC 
192. FELIX (G), THIEMPOINT (A) and DENTRAYGUES (P), 
Synthesis of acceptor bonded phases for donor 
acceptor liquid chromatography. Chromatographia. 
34, 3-4; 1992; 177-81. 
144 
Several chem. bonded electron-acceptor 
stationary phases were obtained for the repn. of 
polyarom. hydrocarbon (PAHs). The organosilane 
moiety is monofunctional and the HPLC behaviour is 
compared under identical conditions. Examples of 
PAHs sepns are given. 
,MICROCOLUMN and SILICA GEL, BILE ACID 
193. TAKEUCHT (T) and MIWA (T). Microcolumn liquid 
chromatography with silica gel dynamically modified 
with a bile acid derivative. Chromatographic. 34, 
5-8; 1992; 386-90. 
Characteristics of silica gel dynamically 
modified with a bils acid derivative have been 
investigated in liquid chromatography. 3[(3-cholami-
dopropyl) dimethyl amino]-1-propane sulfonate (CHAPs) 
is selected as modifier. CHAPS possesses a 
quaternary ammonium group which can be attached to 
the silica gel surface by cation exchange. The 
stationary phase modified with CHAPs has been applied 
to the repn. of 1, 1'-binaphthyl-2, 2'-diyl hydrogen 
phisphate enantiomers. 
,SORBENTS, CARBON 
194. ELTEKOVA (NA). Micro column liquid chromatography on 
carbon sorbents, Chromatographia, 34, 3-4; 1992; 
173-6. 
The retention vol dependences on the arolar 
volume were found for aromatic compds. using liq. 
microcolumn chromatogr. The contribution of the 
functional groups in mols of these compds. to the 
total retention value were calculated from the 
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capacity factor values. The comparison of capacity 
factor values for carbon sorbents and octadecyl-
silica gel has shown that for several micro- column 
repus. The carbon sorbent column has a better 
selectively and resoln than the octadecyl-silica-gel 
column. 
, ,ORGANIC ACIDS 
195. PALMER (James K) and LIST (Dieter M). Determination 
of organic acids in foods by liquid chromatography. 
J Agr food Chem. 21, 5; 1973, Sept - Oct; 903-6. 
Seperation of the micro equivalent amounts to 
up to 15 of the commonly occuring food acids can be 
completed in about 75 min. These acids include kerbs 
cycle acids, alicyclic acids, and various other 
acids. Seperation of predominant acids in particular 
food samples often requires only 20 to 40 min. a 
special precolumn injection systems sharpens the 
acids peaks and makes possible the analysis of 
liquid samples or aqueous extracts with little or no 
pretreatment. Use of a differential refractometer 
detector simplified the quantitative measurements and 
facilities collection of effluent samples for 
confirmation of identity. 
, , POLYMERS 
196. WALRADT (John P) and SHU (Chi-Kuen). Liquid chromato-
graphy applications in analysis and quality control 
of flavor chemicals. J Agr Food Chem. 21, 4; 1973, 
July - August; 547-50. 
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A simple gel permeation chromatographic method 
has been applied to the determination of the extent 
of oligomer or polymer formation in flavour 
chemicals. This method is illuistrated for A.dpdec-
alactone, 2,4-pentadienal, and p-vinyl guaiacoi. In 
addition a procedure for callibration of the UV 
detector is described which requires the 
preparation of a pure sample component only once, 
after which the detector sensitivity may be 
calculated using a stable reference standard. The 
significance of the gel permeation method in 
relation to internal standard and area normalization 
gas chromatographic methods is discussed. 
, , REVERSE HIGH PERFPRMANCE, X-TOCOPHEROL 
197. ORTIZ (Antonio) and TERUEL (Jose A). Rapid 
determination of X - tocopherol in sarcoplasmic 
reticulum membranes by reverse phase HPLC. Bio 
Chen. Int. 25, 3; 191; 429-35. 
A simple isocratic HPLC syster. is described to 
perform a rapid repn., identification and quant. 
detn. of vitamin E (x-tocopherol) in biol. membranes. 
It nakes use of a reverse phase cl8 column with pure 
methanol as a mobile phase, and an UV detector which 
enable it quantification in nanogram scale. This 
procedure was applied to lipid exts. from whole 
muscle homogenate and from a prepn. of sacroplasmic 
reticulum resides from skeletal muscles, where the 
vitamin E contents was determined. 
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-LIQUID PARTITION, LACTIC ACID 
198. BUSWELL (RJ). Determination of lactic acid in 
shortening containing lactylated glycerides, by 
liquid-liquid portion chromatography. J Amer Oil 
Chem Soc. 41; 1964; 457-9. 
The total or water-insol , combined lactic acid 
present in prepared shortening mixes as glyceryl 
lactomitate is determined by liquid-liquid chromato-
graphic method. About 0.4 to 0.44 g of the 
shortening is extracted with methyline chloride, 
which is their washed, evaporated and the residue 
saponified with alcoholic KOH, and then acidified 
with H^SO,. The resultant material is dispersed on 
silic acid, slurried with CHCL^ and transferred to a 
silicic acid column, where the fatty acids 
areremoved with CHCL^ and the lactic acid by elution 
with 157c, n-butanol solution which titrated with 
methanolic KOH. 
, METHODOLOY 
199. BUI (Nguven), MAI (Huong). Ascorbic acid and related 
compounds. Chromatogr. Sci. 30; 1985; 267-301. 
Methods are discussed for the determination of 
ascorbic acid and related compounds in food, pharma-
ceutical products, body fluids, and plant and ani-al 
tissues by chromatographical methods, especially 
liquid, paper. Thin-layer and gas chromatography. 
, , INDICATORS 
200. SINHA (AK) and VENKATACHALAM (KA). Fluorescent 
indicators for hydrocarbons type analysis by chroma-
tography. Indian J Techol. 6, 1; 1968; 26-7. 
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Diphenyl octatetaene, 1, 4-diphenyl butadiene 
and authracene show satisfactory perfor-iance as 
indicators in the fluorescent indicator adsorption 
analysis of mixture of hydrocarbons. The accuracy 
of estn. is particularly high for mixture containing 
cyclohexane. The mean deviation in the determination 
of anomatics. 
,OVER PRESSURED LAYER, WALL EFFECT 
201. BOTZ (Lajos), WEHRLI (Ernst) and STICHER (Otto;. The 
wall effect in overpressured layer chromatography. 
J Planar Chromatography. 6, 1; 1993, Jan-Feb; 13-20. 
The chromatographic process on compLetelv 
covered and pressurized chromatoplates, as used in 
overpressured layer chromatography DPLC), 
theoretically and practically resembles a planar 
version of high performance volumn liquid 
chromatography. This paper is concerned with the 
importance of the interaction between the sorbenc 
surface and the cover sheet, which is ger.erallv 
fabricated from plastic. The increased sorbent 
permeability at higher external pressures supports 
the hypothesis that eluent flow is enhanced by the 
wall effect. The reduced wall effect obtained on 
HPTLC layer shows that the smaller particle size 
has a beneficial effect on the interaction. 
,PAPER, AMINO ACIDS 
202. MAJUMDER (SK) , GODAVARIBAI (S), MUTHU (>'. and 
KRISHNAMURTHY (K). Paper chromatographic technique 
for screening voratile chemicals for their 
reactivity with the constituents of foods. J Chroma-
tography. 17; 1965; 373-381. 
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If a funigant reacts with an amino.-acid, paper 
chromatography may reveal a reduction in the amount 
of amino acids and the presence of the additional 
spot due to the products of reactions. a suitable 
technique is described for the exposure of 10 mg. 
amounts of amino acids (especially methionine) to 
the equivalent of 100 mg. of funigant per 1. of air 
for 100 h. , development with butanol - ACOH - water 
(4:1:5) and formation of colour due to ninhyarin 
reagent. MeBr, McI, E+Br, Vapona and B-propiolactone 
show high reactivity with methionine. 
, ,and THIN LAYER compared with MASS 
SPECTRA, AMINO ACIDS CONJUGATES 
203. FEUNG (Chao-shieving), HAMILTON (robert H) and MUMMA 
(Ralph 0). Metabolism of 2, 4-Dichlorophenoxy acetic 
acid. N. Mass spectra and chromatographic properties 
of amino acid conjugated. J Agr. Food Chem. 21, 4; 
1993, July-August; 632-7. 
Twenty L-Form amino acid conjugates of 2, 
4-dichlorophenoxy-acetic acid (2, 4-D) were prepared 
and characterised by mass spectrometry, paper and 
thin layer chromatography. Nineteen of the 
conjugates produced molecular ions and all gave 
characteristic spectra. The pagmentations of high m/e 
are few in number, usually intense, predictable, and 
characterised by the chlorine isotope peaks. 
, , BINARY SOLVENT compared with SOLUTES, 
RF VALVES 
204. RAO (TS) and BHASE (SJ), Non idead behaviour of 
binary solvent systems and Rf values of solutes in 
paper chromatography. Indian J Chem - sect A. 22, 1; 
1983; 46-7. 
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Rf values in paper chromatography and 
solubilities of benzoic acid, phenylacetic acid, and 
o-chlorobenzoic acid using the binary solvent 
systems, (1) Kulene toluene-benzene (ideal), (ii) 
cyclohexane-nitrobenzene (non ideal, postti-.-e 
deviation) and (iii) chloroform-diisopropyl ether 
(non-ideal, negative deviation) have been obtained 
and the results discussed. 
, , compared with COLORIMETRIC, MERCAPTAN7S 
205. VERMA (BC), CHAUHAM (S), MALKIAT SINGH, and BUTAILCJ. 
Colorimetric determination and paper chromatographic 
detection of cercaptants through organo-trithiocarbo-
nate formation. Nat Acad Sci Lett. 5, 4; 1982; 131-2. 
A new and convenient colorimetric method fcr 
the determination of mercaptant based on their trans-
formation into intense yellow coloured alkali 
organotrithiocarbonate through reaction with carbon 
disulphide and alkali, is described possesses wide 
applicability, A paper chromatographic method for 
the detection of mercapants as yellow alkali 
organotrithiocarbonates using alkaline teritirv 
butanol as the developing solvent is also described. 
, , compared with THIN LAYER, METHODOLOGY 
206. RAVINDRANATH (K) and JANARDHAN (PB). Theoretical 
aspects of paper and thin-layer chromatography. 
Proc. Indian Natu Sci Acad, Pt A.35.3, 5; 1985, 
650-69. 
A thorough investigation of mechanisms of 
inorganic aspects of paper and thin-layer 
chromatography (Silica gel and alumina) is made. 
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The importance of hydrogen ion, salt-concentration 
duelectric constant, surface tension, and solubi-
lization ohenomenon is affecting the chromatigraphic 
migration has been brought to light with suitable the 
structural differences between "coordination 
saturated and unsaturated" neutral chelates for 
exploring the methods for the quick and quantitative 
seperation, have been emphasised and the factors 
that governs the chromatographic migration are 
throughly discussed. 
, HERBICIDES 
207. ABBOTT (DC), EGAN (H) HAMMOND (EW) and THOMSON (J). 
Chromatographic detection and determination of 
organochlorine herbicides in soil and water. Analyst 
89; 1964-. 480-8. 3 
Herbicides in water were estracted with either 
from aq. AcOH and in soil with either from slurvy in 
oil H2S04; the solvent used to obtain paper-
chromatographic resolution was a mixture of liquid 
paraffin, benzene, ACOH and cyclohexane asmobile 
phase with whatman No.l paper but MCPB and 2, 4-DB 
and MCPA and 2,4,5-T were not resolved. For 
complete seperation and identification thin-laver 
plates of kieselguhr and silica gel were spotted with 
I and developed II. Spots appeared when dried 
plates were sprayed with alcoholic NaNO^ and 
irradiated with UV light. Chromatograms and 
experimental data are given. 
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INORGANIC IONS 
208. BHATNAGAR (RD) and BHATNAGAR (NP). Mechanism cf 
paper chromatography of inorganic ions on impregnated 
papers: seperation of Ag (1), Cu (II), Ni (II.. 
CO(II), Mg(II), Pb(II) and Fe(III). Indian J Che-. 
15A, 12; 1977, Dec ; 1089-91. 
Migration of ions on filter papers impregnated 
with aq. glycine (2% W/V) and ammonium thiocyanate 
(4% W/V) solutions has been studied. The migratio". 
tendencies of different ions have been explained or. 
the basis of a new mechanism of paper chromatography 
with immpregnated papers using polar and non-polar 
solvents. The migration of inorganic ions in polar 
solvents (with donor properties) on untreated papers 
was also been studied. 
,METHODOLOGY 
209. DEYL (Z) and ROSMUS (J), paper chromatography of 
denaturation and first degradation products of 
collagen. J. Chromatogr. 14; 1964; 537-539, 
A collageneous solution obtained from calf skin 
was denatured at 37-50 to give a mixture of x- and 
B- fractions; a solution containing A and B fractions 
was also prepared. Good seperation wither of the X., . 
Xy- and B.J-fraction or the A and B fractions was 
achieved by paper chromatography, but it was not 
possible to separate mixtures of the two types of 
degradation products. 
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210. RAJMANI (K), MEENAKSHI (S) and JANAKI (WT). Chromato-
graphic behaviour of copper (II), cadmium (II), 
bismuth (III), cobalt (II) and nickel (II) ions in 
solvents containing dimethyl sulphoxide. J Indian 
Chem Soc. 61, 8; 1984; 707-8. 
Investigation is aimed at a study of the effect 
of dimethyl sulphoxide (DMSO) when admixed with 
solvents of varying polarity on the paper chromato-
graphic migration of cation namely Cu , Cd , Bi , 
Co and Ni 
211. RAO (TS) and BHASE (SJ). Nonideal behaviour of binary 
solvent systems and Rf values of solutes in paper 
chromatography. Indian J Chem - Sect A. 22, 1; 1983; 
46-7. 
Rf values in paper chromatography and solubili-
ties of benzoic acid, phenylacetic acid and o-chlo-
robenzoic acid using the binary solvent systems, 
i) toluene.benzene (ideal), (iiO cyclohexane- nitro-
benzene (non ideal, positive deviation) and (iii) 
chloroform-diisopropyl ether (non-ideal, negative 
deviation) have been obtained and the results 
discussed. 
, PHENOLIC ACIDS 
212. SAINI (AS). Methods for preservation, extraction and 
quantilative estimation of phenolic acids in paper 
chromatography. Indian J Med Res., 55, 1; 1967; 51-4. 
A method is described for quant. evaln. of 
phenolic acid in paper chromatography using 
diazotized p-nitraniline. The procedure avoids the 
direct use of the excess reagent on the chromato-
grams which would result in diffusion of colour from 
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the spots. A method is also described to preserve a 
phenolic acid sample on filter paper and to wash 
it quantitative from there when required . The 
method may also be used as a simple extraction 
procedure for phenolic acids. 
, , REVERSED PHASE, 2nd II and Hg II and III 
ELEMENT 
213. YEOLE (CG) and SHINDE (VM). Mutual seperation of Zinc 
(II), cadmium (II) and mercury (II) and of gallium 
(III), indium (III) and Inallium (III) by reversed 
phase paper chromatography. Indian J Che": Sect A. 
24, 2; 1983; 1053-4. 
A reversed phase paper chromatographic rethod is 
developed for mutual seperation of Zn(II), cd(II), 
and Hg (II) and of IIIB group elements Ga(III). In 
(III), and Jl (III). Theseperation have been 
performed as a what man paper-I using liquid ion 
exchange tri-n-octylamine (TOA), tri-iso-octylamine 
(TIOA) or aliquot as the stationary phase and sodium 
acetate, sodium malonate or sodium succinate as the 
mobile phase. 
,RUBBER SEED OIL 
214. NATARAJA (Sarma PS) and BALASUBRAHMANYAM (G). 
Detection of rubber seed oil in edible oils by paper 
chromatography. Curr Scii. 36, 15; 1967; 403-4. 
The analytical characteristics of rubber seed 
oil do not differ sufficiently from those of the 
common edible oils to enable detection of 10-157o of 
the oil in ad-mixture of other oils. A method for 
its detection in cone as low as 5% has been developed 
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It is based on the seperation of linolinic .acid 
present in the oil as against common edible oils by 
reverse phase paper chromatography using what;nan 
filter paper No.4 impregnated with a 10" soln. of 
medicinal liquid paraffin in ether. 
, Te (IV) 
215. SUB3AIYAN (M) and JANARDHAN (PB), Chromatigraphic 
seperation of Te (IV) and Te (VI). Indian J Chem. 
15A, 5, 1977, May; 443-5. 
Valence seperation of Te(IV) from Te(VI) by 
circular paper chromatography employing a number of 
solvent systems including pyrudine is described. 
The differential migration of the two ions are 
explained on the basis of differential solubiliza-
tion. complexation and precipitation. The separated 
ions are estimated polarographically. 
, , VANILLIN and ETHYLVANILLIN 
216. FITEISON (J). Determination of vanillin and 
ethyl vanillin in flavours by paper chromatography. 
J Ass Off Agric Chem. 47: 1964; 1161-5. 
By use of a mixture of cyclohexane, ethyl 
acetate and methanol as mobile solvent, and 10% 
methylformanide in other as stationary solvent in a 
Mikhell chromatographic tank, development is complete 
in 2h. The extinction of an aq. Na^CO^ extracts of 
the spot is determined at 348 mu. Good recoveries 
are reported, but the method does not seperate 
vanillin and p-hydroxybenaldehyde (usually 5X of 
the vanillin content). 
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,PARTITION and THIN LAYER, DURSBAN 
217, SMITH (Grant N) and FISCHER (Faye S). use of paper-
partition and thin-layer chromatography for 
identification of active ingredient in dursban 
insecticide and its possible metabolites. J Agr Food 
Cher.. 15, 1; 1967, Jan - Feb; 182-6. 
paper partition and thin layer chromatographic 
producedures have been developed for the isolation 
and identification of Dursban and its brakdown 
products. These procedures have been used to identify 
the products formed by biological and chemical break 
doen of the Dursban. 
, ,MEMBRANE, PROTEINS 
218. BLATT (William F) membrane partition chromatography: 
a tool for fractionation of protein mixtures. J Agr. 
Food Chem. 19, 4; 1971, July-August; 589-94. 
The availability of protein-retentive membrances 
with varying degrees of selectively has permitted 
extension of ultrafilterative techniques to the 
partition of simple as well as complex mixture of 
macrosolute. However, attendant of all high flux 
ultrafiltration is problem of concentration 
polarization. Accordingly, management of this 
pheno-ienon is equally as important as the selection 
of the lir.iting membrance is applying the technique 
to fractionation. The evolution of ultrafilterative 
procedures as well as recognition theory and control 
of macrosolute polarization are discussed initially; 
what follows are examples of practical systems for 
partition of binary and more complex mixtures using 
single cell and tandem system. 
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,PRECIPITATION, METHODOLOGY 
219. QURESHI (M) and KHAN (MA). Precipitation chromato-
graphy on strontium chromate paper. Z-analyt Chem. 
232, 3; 1967; 194-6. 
Precipitation chromatography of various cations 
on strontium chromate impregnated paper is performed. 
Some good seperations are reported with strontium 
nitrate and ammonium hydroxide developers. Silver, 
mercury and lead ions can also be determined 
quantitatively. 
,SEMIPERMEABLE SURFACE, ANALYTES and PROTEINS 
220. WANG (Hong Qi) , DESILETS (Carla) and REGNIER (Fred 
E). Solute retention mechanism in semi-permeable 
surface chromatography. Anal Chem. 64, 22; 1992; 
2821-5. 
The retention mechanism of both small analytes 
and proteins were examined on two types of semi 
permeable surface sorbents (SPS). One type was 
created through the adsorption of poly (oxyethylens) 
(POE)- based nonionic surfactants into reverse phase 
chromatograph columns. The second type is based on 
the mixed alkylsilane/POE-silane bonded phase in 
porous silica. Retention behaviour of low mol . wt. 
analytes on SPS columns was divided into three 
groups; polar specires that are retain by hydrogen 
bonding to POE, amphipathic species which partition 
at the alkayl/POE interface, and hydrocarbons that 
penetrate the alkane surface layer. Proteins and 
peptide are generally unretained under 
physiolconditions. 
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THIN LAYER. ABATE 
221. HOWE (LH, III) and PETTY (CF). Thin-layer 
chromatographic quantitation of Abate (0,0,0',0'-
Tetramethyl-0, o'.Thiodi-p-phenylene phosphorothio-
ate) residues in water. J Agr Food Chem. 17, 2; 1969, 
march - April; 401-2. 
A thin-layer chromatigraphic procedure is 
described for quantitatively measureling abate 
concentration in surface water, distilled water, 
surface water, and a 4- tp -1 mixture of surface 
water and settled sewage samples were enriched with 
33 to 107 mg. of abate per liter. After extraction 
and clean up, average recovery was about 751. 
,ACID HERBICIDES 
222. GUARDIGLI (Alvardo), COW (William) and LEFAR (Morton 
S). Determination of some acedic herbicides by thin-
layer chromatography. J Agr Food Chem. 19, 6; 1971, 
Nov - Dec; 1181-2. 
A thin-layer chromatographic procedure for the 
identification and quantitation of some acedic 
harbicides has been developed. After extraction and 
clean up, the herbicides residue were converted to 
nitro derivatives. These derivaties were then 
subjected to tic and visualised by reducing the 
nitro to the amine followed by diazotization and 
coupling with N-(1-naphythyl) ethylenediamine dihyd-
rochloride. In this manner 0.5 ug of herbicide was 
easily detected. This afforded a sensitivity of < 
0.05 ppm in actual crop residue determination. 
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,ALCOHOLS 
223. PYKA (Alina) and SLIWIOK (Jozef). Application of 
thyr.ol blue and bromothymol blue and the detection 
of alcohols in TLC. J Plannar Chromatogr - Mod TLC, 
5, 4; 1992, July - August; 282-3. 
The application is described of two new visual-
izing agents, thymol blue and bromothymol blue, to 
the detection of selected alkyllaror, aliphatic and 
alicyclic alcohols separated by this layer 
chromatography. 
,AMINES 
224. GRUGER, (Edward H, Jr). Chromatographic analyses of 
volatile Amines in marine fish. J Agri Food Chem. 
20, 4; 1972, July-August; 781-5. 
Amines extracted from tissues of sablefish 
(Anoplopoma fimbria),cohosalmon (oncorhynchus 
kisutch), and salmon roe (genius, oncorhynchus), 
were analysed by gas chromatography, and also by thin 
layer chromatography-spectrophotofluorometry of the 
corresponding 5-dimethylamino - 1- napthalenezul-
phonamides. The data provide evidence for the 
presnce of dimethylamine in long-stored frozen salnon 
flesh and its absence in sablefish above a detection 
limit of 7 ng/g wet tissue. 
, AMINO ACIDS 
225. SRIVASTAVA (SP) and PUA (VK). TLC seperation of 
closely related amino acids. Indian J Chem. 15A, 8; 
1977, August; 761-2. 
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A method for TLC seperation of sixteen closely 
related acids on silica gel calcium oxabate mixed 
absorbent system has been developed and the probable 
mechanism of seperation has been indicated. The 
Martin relationship for Rm is found to be obeyed by 
similarly constituted amino acids. 
, ,and PAPER, UREA and FORMALDEHYDE 
226. LEE (^ J^Y). This layer and paper chromatography 
analysis of the reaction products of urea and 
formaldehyde. Analytical Chemistry. 44, 7; 1972, 
June; 1284-5. 3 
The reaction of urea (U) and formaldehyde (F) is 
complicated; the precise nature of UF reaction is 
still not fully understood. It has been generally 
accepted, however, that the primary products of UF 
reaction are methylol and methlene ureas. As these 
compounds are nonvolatile and comparatively 
unstable, a need for identification existed. In this 
communication, eight model compounds, prepared in 
various stages of UF reaction have been identified by 
using thin-layer and paper chromatography technique. 
, , APPLICATIONS, INDUSTRIES 
227. AMOS (R). Thin-layer chromatography in the heavy 
organic industry. Talenta. 20, 12; 1973, Dec; 
1231-60. 
The technique of thin-layer chromatography, as 
practised in the organic industrial laboratory, is 
described and its applications to the analyses of 
petroleum hydrocarbons, fuels, lubricants, polymers, 
plastics and their additives, non-ionic surfactants 
and explosives are revised. The role of thin-layer 
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chromatography in the conservat ion of the environment 
i s also considered. 
, ,AZINE DYES 
228. RAO (NV), NARAYANA (KL), JAIRAJ (MA) and CHQWDH.ARY 
(TV). Thin-layer from chromatography of azine and 
oxazine dyes. J Indian Chem Soc. 62, 2; 1985; 173-4. 
Describes a simple and rapid method for the 
seperation of impurities in eight azine dyes and six 
ozanines dyes by the ascending TLC technique. 
, , CARBOHYDRATES 
229. PAWAR (Anil) and SRIVASULU (K) Zeolite as an 
adsorbent for this-layer chromatography seperation of 
some carbohydrates and catecholamines on Heulandite. 
J Indian Chem Soc. 69, 2; 1992, Feb; 94-96. 
Heulandite a naturally occuring zeolite, has 
been used as new adsorbent for thls-laver 
chromatography. the migratory behaviour and 
seperation of some carbohydrates have been studies. 
Seperation studies have been repeated using 
scolecite another zeolute and siliza gel G as 
adsorbents for comparison purpose. 
,CASTER OIL 
230. LAKSHMINARAYANA (G) and MAMI (VVS). Detection of 
aldulterant caster oil in other vegetable oils by 
thin-layer chromatography. Indian J. Technol. 2; 
1964; 320. 
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A 17= solution of oil in CUCL3 is spotted or; to 
silica gel plates, developed with 60:40:20 ligh:: 
petroleum:ether: AcoU and indicated with 12 vapour or 
phosphomolydic acid. Adulteration with 17. caster 
oil can be detected. 
, , COLOUR DEVELOPER 
231- NADYOPADHYAY (Chiranjib) and TIWARI (Gyanendra M-. 
Thin-layer chromatographic investigation of color 
developer involved in pinking of white onion purees. 
J Agr Food Chein. 21, 6; 1973, Nov - Dec; 952-4. 
The compounds responsible for pinking of white 
onion purees were isolated and studied by tic. A 
least three compounds were found to have 
color-developing properties. The major one among 
these was tentatively, characterized by infrared 
spectrophotometry and gas liquid chromatography as 
thiopropanal S-oxide, the lachrymatory factor of 
onion, 
, ,co-pound with COLORIMETRY, CARBAMATES 
232. MENDOZA (Cels E) and SHIELDS (John B) . Determina-
tion of sore carbonates by Enzyme Inhibition 
techniques using thin layer chromatography and 
colorimetry. J Agr Food Chem. 21, 2; 1973, March-
April; 178-84. 
The detection limits were determined by a thin 
layer chromatographic Enzyme inhibition technique for 
aldicarb, Butacarb, <-8353, carbaryl, formetanate 
(HCL), Meobal, Mesurol, methomyl, and promecarb. 
Indophenyl and 5-bromoindoxyl acetates were used as 
substrates of procine liver esterares. Furthermore, 
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inhibition of erterase activities of these 
carbonates was determined by spectrophotometry using 
indophenyl acetale (IPA) substrate. Results showed 
that the use of IPA in both chromatographic and 
spectrophotonetric methods is satisfactory ir. 
confirming pesticides by an enzyme inhibition 
technique. 
compared with DENSITOMETRY, ASL'LAM 
233. SHERMA (Joseph) and REGAN (Thomas E). Determination 
of asulam herbicide by thin-layer chromatography 
with densitometry. Pesticides. 15,2; 1981; 21-4. 
Describe a thin-layer densitometric method for 
asulam resideus and demonstrates its applications by 
successful analysis of spiked surface (river 
waterand spinach samples at 0.02 and 0.2 pp-
respective!y. 
, , MASS SPECTROMETRY, COUPLING 
234. BUSCH (Kenneth L). Coupling thin-leyer chromatography 
with Mass spectrometry. J Planar Chromatography, 5. 
2; 1992, March - April; 72-9. 
Development of a new generation of smaller high 
performance mass spectrometers, combined with renewed 
attention to methods of ionization, and source and 
interface engineering, make possible a viable 
combination of thin layer chromatography with mass -
spectrometry. This paper summarizes approaches to 
TLC-MS since its first description as seperate sample 
elution and analysis, through to recent one-and 'cwo-
dimensional integrated imaging systems. 
compared with SPECTROMETRIC, FLAVGr:!:: 
235. SWIFT (Lyle James). TLC-spectrometric analytic .fo. 
neutral fraction flavones in orange pee juice. J r^e 
Food Chem. 15, 1; 1967, Jan - Feb; 99-101. 
A thin-layer chromatographic system, developed 
to separate the flavours of the neutral fraction of 
benzene peel juice extracts, made possible the 
spectrophotometric determination of the flavone 
content. This method of analysis was applied to a 
series of neutral fractions taken over an entire 
fruit season. The flavones determined were tangere-
tin, tetra-o-methylscutellarein, 3,5,6,7 ,8 , 3' ,4 '-
heptamethoxy flavones nobiletin, and sinensetin 
(5,6,7,3',4'-Rentamethoxy f1avone). 
, , DECOQUINATES 
236. LAURENT (Marc R), TERLAIN (Bernard L) and CAUDE 
(Marie-Celine). Estimation of decoquinates residues 
in chicken tissues by thin-layer chromatography and 
measurement of fluorescence on plates. J Agric Food 
Chem. 19, 1; 1971, Jan-Feb; 55-7. 
A method for the estimation of decoquinate 
(ethyl 6-decyloxy-7-ethoxy-4-hydroxyquinoline-3-
carboxylate) is described. A sensitivity better than 
0.05 ppm of drug in chicken tissues with a mean 
recovery of about 85~= is obtained (897o for muscle, 
877o for liver, 787= for kidney, and 80% for fat). 
Among the over currently used coccidiostats we have 
tried, only buquinolate interferes; nicarbozin, 
zoalene, and amprolium do not. Dimetridazole, which 
is used to control histomoniasis (blackhead) in 
turkeys, does not interfere either. 
, , DISSEASE, METABOLIC 
237. HEIEH (Monica C) and BERRY (Helen K) . detection of 
metabolic disease by thin layer chromatography. 
J Planar Chromatography. 5, 2; 1992, March - April; 
118-23. 
The presence of abnormal itetabolites of amino 
acdes (AA), organic acid (OA) , phenolic acid (PA), 
and sugars (SU), and muco polysaccharides (MPS) can 
be easily detected by metabolic screening: PA, PA, 
MPS and proteins can be determined by one-dimensional 
TLC on cellulose where as AA's are analysed by two-
dimensional, again on cellulose. 
, , DISPLACEMENT, ECDYSTERIODS, PLANTS 
238. KALASZ (Huba), NATHORI (maria), KERECSEN (Laszlo) and 
TOTH (Laszlo). Displacement thin-layer chromatogra-
phy of some plant ecdysteriods. J Planar Chromato-
graphy. 6, 1; 1993, Jan - Feb; 38-42. 
Displacement thin-1ayerchronatography can be 
used for fast and effective seperation of some plant 
ecdysteriods. Results obtained by one- dimensional 
'displacement) and two-dimensional (elution-displace-
ment) TLC are presented together with a description 
of the use of pilot systems for determining the 
optimum conditions for displacement TLC. 
,FITTY ACIDS 
239. BERGELSON (LD), DYATLOVITSKAYA ' EV) _and VORONKOVA 
(VV). Complete structural analysis of fatty acid 
mixtures by thin-layer chromatography. J Chromatgr. 
15; 1964, 191-9. 
•\ c ''. 
i U .J 
Complete seperation of acids as their V.ZQ.Z':.Z-:z 
is achieved according to chain length, structure an 
geometrical configuration. A thin-layer of 3il:.ca 
gel impregnated with dedecane is developed with 
methyl cyanide-acetone (1:1) in the first direction; 
the plate is them impregnated with AGNO-. and 
developed inthe second direction with propyl ether-
hexane (2:3). The unsaturated acids may be 
identified by oxidative cleavage directly in the 
adorbent layer. 
, , HIGHPERFORMANCE compared with FLURODEN-
SITOMETRY, LIPID 
240. KURANTZ (Michael J). MAXWELL (robert J) and 
CYGNAROWICZ-PROVOST (Miriam). A new reagent for the 
analysis of lipids by high performance thin layer 
chromatography and fluorodensitometry. J Planar 
chromotagrphy. 5, 1; 1992, Jan - Feb ; 41-4. 
A method has been developed for the high 
performance thin layer chromatographic (HPTLC) 
seperation of lipids and the in situ induction of 
fluorescence of the seperated compounds by immersion 
of the developed plate into a mixture of sulphuric 
acid absolute ethanol and hexane and heating at 
110°C. During excitation with light at = 366 nn 
sample cor.ponents exhibits fluorescence which can be 
measured with a TLC scanner. 
, PHOSPHOLIPIDS 
241. DHANESAR (Subhash C) , PEELER (Tory R) and ENGEL 
(Bpnnie S). Evaluation of phospholipids in liposomes 
by HPILC. J Plannar Chromatography. 5, 1; 1992, 
Jan - Feb; 4 5 - 9 . 
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A method has been developed for the quantit; iicj 
of phispholipids in liposomes. The liposor.es r^e 
solubilized and the phospholipid components sepe;a;:sd 
by unidimensional HPTLC on silica gel and detected 
with cupric sulfate-phosphoric acid reagent. Tne 
optimum wave length for quantitating the 
phospholipids was determined by scanning the 
developed spots from = 200-600 nm using a deuterium 
lamp and scanning densitometer in the reflectance 
absorbance mode. The chromagenic response of the 
sample and the standards were measured on the sane 
plate and the results expressed in peak height per 
nanogram of sample. 
, INORGANIC IONS 
242. SRIVASTAVA (SP), DUA (VK) and GUPTA (VK). TLC sepera-
tion of some inorganic ions using nitrilotriacetic 
acid unpregnated plates. Indian J Chem. 16A, 12; 
1978, Dec ; 1114-5. 
A TLC scheme for the TLC seperation of Pb(II), 
Zr(IV), Sm(IV), Ti{IV), An(II), AI(III), Ti(I), 
Ag(I),Cu(II), Cd(II) Hg(II) and Be(II) on silica gel 
G plates impregnated with NITA (nitrilotriacetic 
acid) has been worked out using solvent systems 
consisting of mixtures of 5% aq. ammonia-ethanol-
acetone-acetic acid and 0.57o dithizone (in 
chloroform) as the visualization reagent. 
'o 
ISOMERS, AMINO ACIDS 
243. ROZYLO (Jan K) and MAUNOWSKA (Irena). The 
possibilities of optical isomer seperation by TLC in 
layers of chitin and its derivatives. J Planar 
Chromatography. 6, 1; 1993, Jan - Feb ; 34-7. 
-Ou 
Chitin, and derivatives prepated by treatmen'c of 
chitin, and derivatives prepared by treatment of 
chitin with transition metals, have been used for 
the first time to seperate the optical isomers of 
amino acids. Good separation of D,L-amino acid 
isomers can be obtained by using mobile phases with 
two or three components only on layer of chitin-cu, 
Cobalt and nickel derivation are not effective 
stationary phases for seperation of this kind of 
mixture. The dependence of hRf values on the 
composition of binary and ternary mobile phase 
has been demonstrated. 
, LIMONIN 
244. MAIER (VP) and GRANT (Edward R). Specific thin-
layer chromatography assay of limonin, a citrus 
bitter principle. J Agr. Food chem. 18, 2; 1970, 
March-April', 250-2. 
Limonin is removed using two chloroform 
extractions. The chloroforms extracts are 
evaporated, and the residue is dissolved in a 
measured volume of acetonitrile. The acetonitrile 
solution is qiantitatively spptted on solica gel 
thin-layer chromatography along with authentic 
limonin; the chromatogram is developed in benzene: 
ethanol: water: acetic (200:47:15:1, upper phase), 
dried, sprayed with Ehrlich's trsgrny, and treated 
with gaseous HCL. Readout in by visual or spectro-
densitometric comparison of the unknown and known 
limonin spot densities. 
, LIPIDS (ACIDS) 
245. AMENTA (JS). a rapid method for quantification o.t 
liquids separated by thin-layer chromatography, J_ 
Lipid Res. 5; 1964; 270-2. 
Lipids, seperated by thin-layer chromatography, 
are oxidised in acid dichror.ate solution. The 
reduction in absorbance at 350 nu is propertional to 
the amount of lipid. One reagent suffices to 
quantify all lipid clauses to a lower limit of 15 ug 
of lipid. 
(PROCINE) and (EPIDERMIS) and (IRAL 
EPITHELIUM) 
246. WERTZ (PW) and Cox (P). Thin-layer chromatographic 
analyses of lipids in different layers of porcine 
epidermis and oral epithelium. Arch Oral Biol . 36, 
9; 1991; 647-53. 
Frozen cryisectives were cut parallel to the 
surface of procure skin and palatal, buccal and 
floor of inoula mocosa so as to provide rep. sample 
representing various epithelial layers. The samples 
were dried, extd with CHCL3 - Feo4 and the liquids 
were chromatographed on silica gel plates in various 
solvent systems. After charring, lipids were 
quantified with a scanning densitomeler. The 
results suggests although neutral lipids may be 
award. With a superficial barrier layer in skin and 
oral mucosa, there are differences in the components 
of this barrier between Keratinized and non-kerati-
nized epithelia. 
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,MALATHION 
247. KADOUM (Ahmad M). Thin-layer chromatographic 
seperation and colorinetric detection of malathion 
and some of its metabolites from stored grains. J 
Agr Food Chem. 18,3; 1970, May-June; 542-3. 
A thin-layer chror.atographic (tic) procedure for 
seperation and determination of some of the metabolic 
and hydrolytic products of malathion has been 
developed. This method is suitanle for seperation 
and determination of malathion and its metabolites in 
stores grains. 
,METHODOLOGY 
248. PROSEK (Mirko), PUKL (Marko), MIKSA (Ljubica) and 
GOLC-WONDRA (Alenka). Quantitative thin-layer 
chromatography part 12: Quality assessment in QTLC. 
J Planar Chromatography. 6, 1; 1993, Jan - Feb ; 
62-5. 
A program with a build-in quality assessment 
routine is described for quantitative evaluation of 
TLC. Together with the quantitative results, the 
quality of the data and the system used are also 
documented. Samples are applied as bond with 
linomat IV. Each track is scanned twice, the first 
time after application and the second time after 
development; the length of slit used is 501 that of 
the bond. 
249. STANLEY (CW). Thin-layer chromatography of organo-
phosphorus pesticides and acids on microchromato-
plates. J Chromatography. 16; 1964; 467-75. 
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A technique for this layer chromatography on 
microscope slides coated with four different 
adsorbent is described. The use of different 
solvents was investigated and Rp values are 
presented for 31 argano phosphorus pesticides on 
silica gel - G in each of the six solvents. Results 
obtained for four pesticides and four sides on 
microchromatoplates are compared with those obtained 
on standard plates and show that RF values decrease 
as the distance travelled by the solvent front 
increases. Some preliminary results on the seperation 
using selected solvent systems. 
, , , LIQUIDS 
250. PRIVETT (OS), BLANK (ML), CODDING (DW) and NICKELL 
(EC). Lipid analysis by quantitative thin-layer 
chromatography. J Amer Oil Chem Soc. 42; 1965; 
381-393. 
This-layer chro-atography techniques applied to 
lipid analysis are relieved. Detection techniques, 
the recovery of the substance from the chromatoplate 
and the application of gravimetric, spectroscopic 
and radiometric methods of analysis, and also the 
method of internal standard, to recovery methods are 
discussed. In direct spot analysis methods are based 
on spot size measurement and photometric methods 
including photoreflectometric, spectrofluoro metric 
and photodensimetric analysis. 
, MERCAPTOACETAMIDES 
251. JAIN (KK), BATE JA (S) and BHANDARI (CS). Thin layer 
chromatographic analysis of some mercaptoacetamides. 
J. Indian Chem Soc. 60, 1; 1983; 47-8. 
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Thin-layer chromatographic studies of N-aryl 
substituted Z-mercapto acetamides have been using 
different solvent systems. Rf values increase 
regularly with the increase in dielectric constant of 
the solvent in the order CHCL3 > CHS [^j^  CU(0H)>CH20H 
,MINERAL OILS 
252. MANI (VVS) and LAKHMINARAYANA (G). Detection of 
adulterant mineral oil in vegitable oils by thin-
layer chromatography. Indian J. Technol. 2; 1942; 
416. 
Contamination of vegetable oils with 721 mineral 
oils is shown by applying a 10% CHCL3 solution of 
the oil to a thin layer of alumina and then 
developing for S minutes with 60-80° light 
petroleum. Detection is by spraying with 2, 
7-dichloro fluorescein and viewing under U.V. light, 
, ,NORMAL and REVERSED PHASE, ESTERDIOL 
253. PETROVIC (Slobodan M) , ACANSKI (Marijana), PEJANOVIC 
(Vjera M) and PETROVIC (Julijana A). Retention 
behaviour of estradiol and estrone derivates in 
normal and reversed phase. Thin-layer chromatogra-
phy. J Planar Chromatography. 6, 1; 1993, Jan - Feb; 
29-33. 
The chromatographic behaviour of 36 esterdiol 
and estrone steriods has been studied on slica gel 
and bonded c-18 silica gel layers with, respectively 
non-aqueous and aqueous-organic mobile phases. The 
slopes of the linear relationships between RM and 
the volume fractions of the polar or organic 
components of binary elements have been calculated 
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and are discussed in relation to the character-
istics of the solute, eluent, and stationary phase, 
, 00-DIMETHYL-O-PHOSHPORTHIOATE 
254. KOVAC (J) and SOHLER (E). Determination of resides of 
oo-dimethyl o-(3-methyl-4-mitrophenyl) phosphoro-
thioate in fruit and vegitables after previous 
seperation of the co-extracted dyestuffs by 
thin-layer chromatography. Z. Anal Chem. 208; 1965; 
201-4. 
A light petroleum extract of the plant material 
is shaken with acetonitrite, the acetonitrite is 
evaporated and the coloured co-extractives are 
seperated by thin-layer chromatography. The 
insecticide is isolated and its alkaline hydrolysis 
product determined photometrically at 400 mu. 
Results are reproducible. Lowest limit of the method 
is 0.1 p.p.m. 
, ,ORGANO-CHLORINE PESTICIDES and DDT 
255. ABOTT (DC), EGAN (H) and THOMSON (J). Thin-layer 
chromatography of organo-chlorine pesticides. J 
Chromatography. 16; 1964; 481-7. 
Fifteen seperatory system intended for use for 
the confirmation of provisional identifications of 
some organo-chlorine insectisides and some 
metabolites of DDT are described. Ascending 
chromatography was carried out for between 45 r.in. 
and 2 h. as thin layer of silica gel G, alumina G, 
and Kieselguhr G, used either sir.ply or in 
admixture. The plate was the removed, dried at 100° 
for 10 min and sprayed with . one of the indicators 
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described to reveal the compounds. An investigation 
of the effect of temp, of Rf values showed that RF 
values of all the compound studied were temp. 
dependent to some extent. A simple method for the 
documentation of thin-layer plates is presented. 
,ORGANO-PHOSPHORIC, ESTERS 
256. SALAME (M) . Seperation and identification of main 
organophoric insecticides by thin-layer chromato-
graphy. J. Chromatogr. 16; 1964, 476-480. 
The chromatography of the ten of the most common 
organo-phosphoric esters on thin-layers of silica gel 
was investigated using 16 different solvent systems. 
No single solvent would resolve all of the 
compounds. A rapid and specific identification of 
all of them was accomplished by two successive 
seperations using selected solvent systems. 
, , ORGANOPHOSPHORUS 
257. GIANG (Benjamin Y) and BECKMANN (Herman). Thin-layer 
chromatographic determination of bidrin, azodrin and 
their metabolites. J Agr Food Chem. 17, 1; 1909, 
Jan-Febl 63-9. 
The organophosphorus compounds are analysed by 
a modified vergion of thin-layer chromatography in 
which the chromatogram is scraped to make narrow 
straight strips. Two adsorbents, silica gel G and 
silica gel H, are employed for preparing the 
chromatographic plates. Twenty-seven solvents 
systems are tested, and two chromogenic reagents are 
employed. Good seperation are obtained for most 
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compounds; however, no single solvents system can 
seperate all of the organophosphorus compounds. The 
practical minimum detectable amount is 2 ug. 
, PTH AMINO ACIDS 
258. BELAY (Mesfin T) and POOLE (Colin F). Seperation of 
PTH amino acid derivatives by thin-layer chromato-
graphy and automated multiple developed. J planar 
chromatography. 6, 1; 1993, Jan - Feb ; 43-50. 
The twenty common protein PTH amino acid 
derivatives have been seperated by automated 
multiple development on silica gel thin-layer 
chromatography plates. The wide rane of polarity of 
the sample and the limited seperation length dieted 
by the range of mobile phase velocities available 
prevented the identification of any single solvent 
gradient which could simultaneously provide adequate 
resolution of the PTH amino acid derivatives located 
at the front or end of chromatogram. 
, ,S-DRUGS 
259. ALEXANDER (LR) and STANLEY (ER). Qualitative 
determination of sulpha drugs in medicated feeds by 
thin-layer chromatography. J Ass Off Agri. Chem. 
48; 1965; 278-9, 
Sulphacetamide or other S-drug is extracted with 
acetone; the residue on evaporation is dissolved in a 
basic solution from which interferring material is 
removed with CHCL^. The solution is acidified 
evaporated to dryness and the drug extracted with 
acetone; seperation and identification are accom-
plished by this-layer chromatography, a mixture of 
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methanol and CHCL^ being used as mobile solvent and 
dimethylaminobenaldehyde in ethanol as chroraogenic 
agent. 
, , SURFACTANTS 
260. HENRICH (Lorraine Harmonos), Seperation and 
identification of surfactants in commercial cleaners. 
J Planar Chromatography. 5, 2; 1992, March - April; 
103-17. 
Over one hundred and fifty surfactants have been 
chromatographed in six TLC systems and a retention 
data base compiled to facilitate identification of 
surfactants in commercial cleaners. Scanning 
densitometry was used to record the reflectance 
spectra of the UV - absorbing surfactants and HPLC 
was used to identify. Octyl- and nonylphenols by 
their oligomer distribution. 
,_ , TETRACYCLINES 
261. MISHRA (DD), ISLAM (I), SINGH (RMP) and SHARMA (JP). 
Thin-layer chromatographic seperation and quantita-
tive determination of tetracyclines and their epimer 
derivatives. Indian J Phasm Sci. 46, 3; 1984; 
128-30. 
A simple and rapid TLC method is described 
which permits the seperation and quantitative 
determination of tetracylines and their epimers. 
Silica-gel G impregnated with EDTA was used as 
absorbent and butanol: methanol: citrate phosphate 
buffer (9:4:10) as the developing solvent. Spot are 
viewed under UV light and quantitative determination 
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were carried out by extracting the spot with dilute 
HCL and measuring the absorbance at respective 
absorption maximum. 
, TOCOPHEROLS 
262.GOVIND RAO (MK) , VENKOB RAO (S) and ACHAYA (KT) . 
Seperation and estimation of tocopherols in vegetable 
oils of Thin-player chromatography, J Sci Food 
Agric. 16; 1965, March; 121-3. 
A method for seperation of X-, B-, r- and 
s-tocopherols by thin-layer chromatography, and 
their subsequent colorimetric estimation, is 
described. Recovery is 97-987o, and no pretreatment 
of the unsaponifiable matter is necessary. The 
contents of individual tocopherols in a number of 
oils are recorded. 
, VANADYL PROPHYRIN 
263. BHATIA (VK). Behaviour of vanadyl prophyrin complexes 
on TLC. J Indian Chem Soc. 59,10; 1982; 1158-61. 
The behaviour of a vanadium prophyrin complexes 
concentrate obtained from daoius crude oil has been 
studied on TLC using a variety of solvent 
combinations and silica gel as the absorbent. 
Reasonably good seperation has been achieved with 
three solvent combination in one dimensional run, 
acetonitrile and acetonitre, benzene, cyclohexane (3: 
5:11.3) afford the best result in a double run. 
.78 
VITAMINS Kl 
264. MANES (J Damon), FLUCKIGER (Hubert B) and SCHNEIDER 
(Donald L). ChTomatographic analysis of vitamin K^; 
Application to infant formula products. J Agr Food 
Chem, 20, 6; 1972, Nov - Dec; 1130-2. 
Vitamin K^  was extracted from infant formula 
products by liquid-liquid partition with a mixture of 
petroleum-diethylether (1:1 v/v) and aqueous ethanol. 
Preliminary seperation of vitamin K^  from theneutral 
and polar lipids' was achieved with an 8% water 
deactivated alumina column developed by a stepwise 
elution of 0-127o benzene in petroleum ether. 
Reflectance densitometry at 275 nra was used to 
quantify vitamin k^  after analytical seperation by 
thin-layer chromatography using silica gel G and a 
two-step development with carbon tetra chloride and 
benzene. 
, , WATER SOLUBLE 
265. SRINIVAS (K) and SRINIVASULU (K). Seperation of some 
water soluble vitamins by thin-layer chromatography 
using veulandite as an adsorbent. J Indian Chem. 
Soc. 69, 10; 1992, Oct; 669-670. 
Seperation of some water soluble vitamines is 
done by thin-layer chromatography on heulandite, a 
natural zeolute (45u), as an absorbent. The 
seperation was affected within the distance of 5 cu 
by ascending the technique at optimised conditions 
using dimethyl formamide. The heulandite does not 
require a bender and was found to be a good 
adsorbent, comparable and some times better man 
silica gel. 
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, WEDGE LAYER, DINOSEB 
266. ABBOTT (DC) and THOMSON (J). Wedge-layer chromato-
graphic clean-up of dinoseb extracts. Analyst. 89; 
1964; 613-5. 
The vegetable sample (50-100 g) is extracted 
with four successive 50-ml portion of a mixture of 
ethyl methyl ketone and ether (1 + 1). The extracts 
are combined, dried (anhyd. Na Na2S0,) and 
concentrated to 0.5 ml. with a 1-ral calibrated 
syringe the extract is applied to a prepared wedge -
layer plate. The plate is developed and dried at 
120 for 20 min, the dinoseb is scraped from the 
plate into filter paper and eluted with ethyl methyl 
tetone (final vol. 10 ml). Theoptical density is 
determined at 379 mu. Recovery is 78 (apple), 85 
(onion), and 887c, (water). 
* PART THREE * 
* I N D I C E S * 
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